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A. Onepiece, Duratex cushioned 
strap seat which separates metal 
from glass. 


B. Semi-attached Duratex lined 
washer which insulates between 
screw head and lens. (It stays in 
place while mounting.) 


C. Double weight strap seat, al- 
lowing more screw threads to 
prevent screws from backing out. 


Cushion-Mount 


BRIMWAY FUL-VUES Cushioned Against Breakage 


SIMPLER-TO-HANDLE—One thing the men who assemble 
and fit glasses like about the Cushion-Mount Rimway is its sim- 
plicity of construction. It has no small, tricky parts to be bother- 
some. It can be mounted with lenses as rapidly as a regular 
mounting. It gives a firmer, more durable finished job. These 


may sound like small things, but in present-day, work-crowded 


shops they mean hours saved. It’s these sound, practical advan- 
tages added to style rightness and richness of gold content that 
make Cushion-Mount so generally desirable. Recommend Cush- 
ion-Mount. You'll be recommending modern design and long, 
trouble-free wear. Select any of the five bridge styles. All have 


beauty and balance. 


Full Floating Lenses « No Loose Parts to 
Slow Assembly « No Metal Touches Glass 
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Large Lens Blanks for 


Lens Shapes 


Orthogon lenses are in tune with modern style demands—they are easily a 
cut to any of the large lens shapes so popular today. Available in single-vision 
spheres and sphero-cylinders, in all commonly used powers. Supplied 
51%mm high and wide (544mm on the diagonal), both semi-finished and 
uncut. Another reason for the great popularity of Orthogon—the famous 
ere lenses. Bausch & Lomb Optical Co., Rochester 2, N. Y. 
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MANUFACTURERS 
WLMIC LENSES 


EHIND the precision and quality of every 

Titmus Lens are the honor and integrity 
of the Titmus Name. There are no finer 
ophthalmic lenses than Titmus Lenses, me- 
ticulously made under the vigilant care of 
resident-ownership management. 
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of this continuous program of enlighten- 
ment sponsored by the Institute’s 3700 


reauers resist this ailuring in- 
members, including these manufacturers: 


vitation co test their “Eye Q” and learn 
interesting facts about their eyes and eye 
care. The Institute's ads are opening the 
eyes of a vast audience to the significance P 
of “better vision for better living’’. The crank Ca.: 
40,000,000 readers of the Sat. Eve. Post, — Qprical Products Co.; Shuron Optical Co., Inc.: 
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is the word for the 
National 
Retinoscope 


Developed in cooperation with the 
L. I. Col. of Med., Dept. of Ophthal. 


Molded of one of the newer plastics — 
consequently, radical design changes 
were possible and weight has been re- 
duced to a surprising degree. 


THE ROLLING-BALL AXIS ESTIMATOR — a 
definite aid in cylinder retinoscopy. 


NO PEEP-HOLE SHADOW: Semi-transpar- 
ent mirror also eliminates squinting 
and double reflection. 


TWO INTERCHANGEABLE MIRRORS — one 
semi-chroluminized and one silvered 
mirror with usual peep opening. 


ILLUMINATED FIXATION CHARACTERS are 
positioned on back of instrument, as- 
suring maximum efficiency for both 
Static and Dynamic Retinoscopy. 


LIFETIME-GUARANTEE On Battery-Handle 
Casing: The tough, impact-resistant 
plastic coating, molded over metal 
tubing, assures rigidity and strength, 
plus a finish which will not chip, 
peel or crack. 


See your dealer or write to “ National” 


i Four Awards 


«Electric Instrument Co., auc. 


atin 92-21 Corona Ave., Elmhurst, L.I.,N.Y. 


OPHTHALMOSCOPES OTOSCOPES BODY CAVITY SETS + HEADLIGHTS RETINOSCOPES TRANSILLUMINATORS CAUTERY SETS 


: 
: | 
| 
| 
‘ : 
; 
4 \ 
Re 


ADVERTISEMENTS 


ADJUNCTO STRAPS 


Give Doutlle Protection Gwice! 


ONE: the frame retains its shape...it cannot bend away 
from the lens. 


TWO: the lens mount screws remain firm, lenses are perma- 
nently fixed . . . they won’t wobble. 


Adjuncto Strans affixed to 
Areway 996 illustrated above. 


And this double protection from ADJUNCTO STRAPS 


works in two ways. To the wearer of Arcway or Numount 


frames, it means added safety and greater convenience. 
Because no amount of rough handling can distort these 
frames once they are permanently locked with aDJUNCTO 
STRAPS. To you, it means saved time and trouble. Once 
you have fixed ADJUNCTO STRAPS on your patient’s glasses, 
he won’t be coming in again and again for adjustments. 

Give your patients and yourself the full advantage 


of this double protection of ADJUNCTO STRAPS. 


century OXFORD MANUFACTURING CORP. 


51-12 21st STREET - LONG ISLAND CITY, NEW YORK 
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Stand Out In Ophthalmic Advertising 


Q) The intent and purpose of each AO message, the whole campaign is clearly stated in a 


prominent position on the page. 


(2) Striking illustrations dramatize and help introduce AO’s unusual theme on Public Mis- 


conceptions. 


(3) The text of the advertisements after correcting the misconception about waterspouts 
or crows or dogs, etc., turns directly to correcting the misconception about glasses and 
their proper relation to eye comfort and visual efficiency. The messages drive home 
the fact that in eye care, professional skills and technical services are the all-important 
factors—not glasses alone. Especially significant is the fact that no part of the text, no 
part of the advertisement makes any mention of brand name ophthalmic products. This 


is one of the distinguishing features found exclusively in AO’s educational campaign. 


(4) Special attention is focused on the importance of professional eye care by consistently 


displaying the slogan “Seek professional advice—not glasses at a price.”’ 


G) AO messages by illustrating professional and technical services help educate the public 
to a better understanding of them. These pictures and identifying captions also help 
the public to understand that these are the services for which a fee is paid and that there 


is much more to professional eye care than merely getting a pair of glasses. 


Over three years ago AO pioneered in the campaign for professional advancement. Today. 
as then, AO educational messages are distinctively different . . . exclusively dedicated to 


the advancement of professional eye care. 
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DEDICATED TO THE ADVANCEMENT 


—about Waterspouts 


; Public Misconceptions 


PRPOFESSItONAL EYE CARE 
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—about Glasses 


A WATERSPOUT IS NOT A 
SOLID COLUMN OF WATER 


GLASSES ALONE CAN'T 
CORRECT FAULTY VISION 


According to meteorologists, a waterspout is 

stly a column of cloud-filled wind, rotating 
‘over a body of water. Except for a few feet at its 
base it contains no solid water. The name 
“waterspout” is based on a misconception. 

There’s another misconception which is far 
more serious. It’s the notion that you can cor- 
rect faulty vision merely by “buying a pair of 
glasses.”’ It's exploited by certain merchandisers 
who blatantly advertise “bargain glasses” and 
“eyes examined free.” The implication is that 
glasses are the primary factor, and that ex- 
amination is so unimportant that it can be given 
away. That's wrong. 
Copyright, 1945, U.S. A., by American Optical Company 


EXAMINATION 


REFRACTION 


PRESCRIPTION 


Glasses are important, of course, but your 
eye comfort and visual efficiency depend upon, 
proper professional care. That means a careful 
examination and a great deal more; your eyes 
must also be refracted, your glasses prescribed, 
your prescription interpreted, your glasses 
fitted, re-evaluated and serviced. 

It is for these professional services that you 
pay a fee. 

Glasses, alone, cannot correct faulty vision. 
What counts most is the professional skill and 
the technical services of your Ophthalmologist, 
Optometrist, Ophthalmic Dispenser (Optician). 

Don’t be satisfied with anything less than 


INTERPRETATION FITTING 


thorough eye care. Seek the professional skill 
and services that your priceless vision demands. 


Seek professional advice —not glasses at a price. 


American & Optical 


COMPANY 
Founded in 1833 — the world’s largest suppliers 
to the ophthalmic professions. 


PROFESSIONAL AND TECHNICAL SERVICES ARE ESSENTIAL TO EYE COMFORT AND VISUAL EFFICIENCY—The AMERICAN Plen 
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Prescribing quality and dependability has always been a 


sound practice. It is recognized as a sound practice builder 


as well, for successful refractionists have learned that only 


reliable prescription service fosters patient satisfaction. 


Professional acceptante of Roco Rx Service is proof 


of its dependability. Customer confidence in Riggs-distrib- 


uted Bausch & Lomb ophthalmic products is evidence of 


their quality. 


Distributors of Bausch & Lomb Products 
General Offices, Chicago, San Francisco 
Branches in Principal Western and Mid Western Cities 
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THE RELATION OF PUPIL SIZE TO ACCOMMODATION 
AND CONVERGENCE* 


Glenn A. Fry 
School of Optometry 
Ohio State University 


1. INTRODUCTION 


Weber's' investigation in 1851 of the pupil contraction associated 
with accommodation and convergence on a near object led to the con- 
clusion that the pupil neither dilates nor contracts without a change of 
convergence. This was based upon results obtained with seeing accurately 
the same object alternately .with plus and minus lenses. Cramer* and 
later Donders* repeated these experiments and found that tension of 
accommodation without change of convergence is attended by contrac- 
tion of the pupil. Donders also reported that he was able to increase his 
accommodation voluntarily while holding his convergence fixed on a 
distance object and thus induce a contraction of the pupil. Donders 
reported further, however, that it is possible to demonstrate a change in 
pupil size by using prisms to converge the eyes without changing accom- 
modation. 

LeConte* made use of a checkerboard pattern to investigate changes 
in pupil size induced by changing convergence. He could converge his 
eyes at various points in front of the pattern and still obtain fusion of 
the overlapping parts of the right and left eye images. He noted that the 
pattern was out of focus for a moment after converging on a near point, 
but eventually cleared up. Also an assistant noted objectively that the 
pupils contracted but then returned to their original size as soon as the 
images cleared up. He concluded that the near response of the pupil is 
invariably associated with a change in focus. 


*An abridgment of the material presented at the annual meeting of the American 
Academy of Optometry at Chicago, Ill., December 12, 1944. For publication in the 
October, 1945, issue of the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF 
AMERICAN ACADEMY OF OPTOMETRY. 
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Other investigations of this type (the original reports of which 
have not been examined by the writer) are referred to by Duke-Elder:* 
namely, Borthern in 1892, Guillery in 1892, Seggel in 1895, and 
Moderow in 1905. Duke-Elder summarizes the data by saying that the 
pupillary reaction may occur with either accommodation or convergence 
with the other excluded but of the two is more nearly associated with 
convergence. 

Donders’ use of prisms to induce changes in convergence without 
affecting accommodation is open to the objection that it is practically 
impossible, as shown by recent studies,°***'® to change convergence 
with prisms without introducing slight changes in accommodation, and 
the question might be raised whether the quantitatively measured changes 
in pupil size can be attributed to the associated changes in accommo- 
dation. 

Furthermore, the analysis of convergence into accommodative and 
fusional components,'' '* and perhaps also a psychic component,'* '* does 
not seem to have been considered in previous investigations of the sub- 
ject. From the point of view of this analysis it becomes a problem not 
of whether accommodation or convergence is the cause of pupil contrac- 
tion but rather it is a choice between fusional convergence on the one 
hand and the combination of accommodation and accommodative con- 
vergence on the other. It is from this approach that the present investiga- 
tion has been organized. 

Furthermore, one must keep in mind a direct influence of the aware- 
ness of nearness on the size of the pupil, which might be related to the 
similar effects on accommodation and convergence. The influence of this 
factor can be systematically investigated as has been done in connection 
with psychic accommodation and convergence, but this has not been 
undertaken in connection with this report. 


II. APPARATUS 

The method employed in the present investigation involves the use 
of a haploscope in conjunction with targets for inducing changes in 
accommodation and convergence and a special device which could be 
used to measure either pupil-size or changes in accommodation. 

The optical system is illustrated in Fig. 1A. The parts A through 
K were all mounted on the left arm of the haploscope which rotated 
around a vertical axis through the center of rotation of the left eye (L), 
and the parts E’ through K’ were mounted on the right arm which 
rotated around a vertical axis through L’. Each of the targets G and G’ 
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consisted of a Snellen chart reduced to 1/40 normal size as shown in 
Fig. 1B. The target on each side was 32 mm. in diameter and its images 
formed by lenses I and K (or I’ and K’) subtended a visual angle of 
12 at the center of the entrance pupil which was approximately 10 mm. 
in front of the center of rotation. The two lenses I and K (and also 
I’ and K’) constituted a telecentric system for this point (i.e., the second- 
ary focus coincided with this point) and hence the targets underwent 
no change in angular size as they were moved in a fore and aft direction. 
The natural pupil of the eye constituted the aperture stop for this sys- 
tem. The refracting system consisting of I and K had a focal length of 
154 mm. R and T represent the primray and secondary principal planes. 


Since the light from G was only partially reflected at H, it was 
necessary to use a bulb with a higher candle power at E than at E’ 
and a filter M’ was also employed to help equalize the brightnesses of 
the two targets. In spite of all this the brightness of G (2.65 c/m®* as 
seen through the eyepiece) was still not quite equal to that of G’ 
(2.95 ¢/m?*). 

The target G and parts E, F, H, D, C, B, N and A were all mounted 
on a large sliding carriage which moved in a fore and aft direction; 
the target G’ and the parts F’, M’ and E’ were also mounted on a 
similar large carriage; the two large carriages were geared together and 
could be motor driven in either a fore or aft direction at a constant rate 
of 3.5 cm. per minute, which amounts to approximately 1.50 D. per 
minute in the range in which most of the measurements were made. 

‘The two targets (G and G’) maintained the same distance from 
the lenses (I and I’) and hence the stimulus to accomodation was 
always the same for the two eyes. The stimulus to accommodation was 


given by the following formula: 


to Acc. 


Stim. 


(1) 


in which F is the refracting power of the system consisting of I and K, 
and is equal to + 6.50 D., and u represents the distance from R to G 
(a negative quantity) and d is the distance from T to S and is equal to 
137 mm. S represents the spectacle plane 27 mm. in front of the center 


of rotation. 
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The two arms of the haploscope were also geared together to pro- 
vide symmetrical convergence at all times, and could be motor driven 
in either direction by a constant speed motor. The mechanism controll 
ing the convergence of the arms is such that, if 8 represents the tota 
amount of convergence constant, the relation between the rate of change 
in convergence of the two arms, Tan (% 8 — 1.2°) undergoes a 
constant rate of change, namely .145 per min. As (% 8 — 1.2°) 
approaches zero, the rate of change in convergence becomes constant at 
16.4° per min. 

The haploscope arms and the carriages were drvien by the same 
constant speed motor, but the manipulations of the a stimuli to accom- 
modation and convergence were completely independent and were con- 
trolled mechanically by levers and reversing clutches. 

The parts A, B, N, C and D constituted the device for measuring 
pupil size and accommodation. These were mounted on a small sliding 
support which was mounted on the large sliding support carrying also 
H, G, F and E. This small sliding carriage on the large sliding carriage 
made it possible to move the unit consisting of A, B, N, C and D ina 
fore and aft direction and to set D at a different distance from I than G 
This movement was induced by the subject who turned a knurled knot 
controlling a pinion which drove a rack fastened to the small sliding 
carriage. 

D was a diaphram containing a narrow vertical slit. C was a 
bicentric lens (see Fig. 1C), which had a plane back surface and a front 
surface composed of two intersecting spherical surfaces which gave the 
effect of a + 10.00 D. spherical lens combined with a 4.5/ biprism. 
B is a vertical slit illuminated by the source (A), and N is a red filter 
(corning 348, 3.5 mm. thick). The lenses C, I and K formed a double 
image of the vertical slit (B) in the plane of the entrance pupil of the 
eye which could be observed directly by placing a piece of ground glass 
in this plane and the observing eye at a point some distance back of L. 
Each image of the slit B thus formed was measured to have a width of 
about 0.2 mm. Since the slit (B) fell in the primary focal plane of the 
bicentric lens C, the size and the separation of the images of B in the 
pupillary planes were not affected by moving either the large or the 
small sliding carriage in a fore and aft direction. The presence of the 
two images in the pupillary plane indicated that the light from the upper 
and lower halves of the slit D entered the eye in the form of two 
laterally separated beams. In order for the two halves of slit D to be 
seen vertically aligned, the eye had to be accommodated for objects lying 
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in the plane of D (i.e., for red light, for the horizontal meridian and 
for a narrow zone of the pupil whose diameter was equal to the separa- 


a Stim. to Acc. Fixed |. Stim. to Con. Fixed 
° at 2.50 D. at 15° 


Avo-Av.e#1.50D. - Avo- Aw= 4.090. 
2 


(mm.) 


PUPIL DIAMETER ACCOMMODATION CONVERGENCE 
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SEQUENCE OF MEASUREMENTS 
Fig. 2—-Data for W. B. 

tion of the two images). For the purpose of measuring accommodation, 
the separation of the images was kept constant at 2.5 mm. (i.e., from 
center to center). To measure the amount of accommodation in play, 
for a given stimulus to accommodation and convergence, it sufficed to 
move the small carriage to a point at which the upper and lower halves 
of D were seen aligned, and the accommodation was read from a scale. 
The quantity read corresponds to that defined by Equation 2 when u 
is defined as the distance from R to D instead of from R to G. The two 
halves of (D) were seen superimposed on the mirror image of the 
target (G). (See Fig. 1B.) In measuring accommodation the subject was 
required to try to focus on the letters while aligning the two halves of 
the slit (D). : 

No special pains were taken to get the two images of B sym- 
metrically placed with respect to the pupil when making measurements 
of accommodation. The head was supported by means of a chin and a 
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forehead rest, but these permitted the subject to move his head laterally 
a slight amount and he was instructed to move his head laterally until 
both halves of the slit (D) appeared clear before making a measurement 
of accommodation. 

As shown in Fig. 1D, the lateral separation of the two images of 
B in the plane of the pupil could be controlled by rotating the bicentric 
lens (C) around its axis. If alpha represents the declination of the base- 
apex line of the bicentric lens from the vertical, the lateral separation 
(s) of the images (center to center) is given by the following formula, 


s = .02 f sin x (A) 


in which f represents the focal length (154 mm.) of the refracting sys- 
tem consisting of I and K, and A represents the prism power in prism 
diopters (4.50/\) in each half of the bicentric lens. 

The subject was permitted to rotate the bicentric lens by turning 
a knob and thus measure the size of his own pupil or he could let the 
operator turn the knob for him. In the earlier experiments, the subject 
manipulated the knob but in the latter part of the work the operator 
performed this function, because the setting proved to be obtained more 
quickly, and the subject felt freer to concentrate on the judgments that 
had to be made. In either case the basic procedure was the same. 

The separation was arbitrarily reduced till he observer could see 
both halves of the slit (D) clearly. He then concentrated on focusing 
for the letters on the targets G and G’, and, as the separation increased, 
he reported at the moment at which either one or both halves of the 
slit disappeared. A period in which the slit grew faint preceded the final 
disappearance. If one of the slits disappeared before the other, this signi- 
fied that the slits were not symmetrically placed with respect to the pupil, 
and the head was shifted laterally to bring both halves of the slit back 
into view, the separation was again increased until the subject made 
another report, and if necessary another lateral shift of the head was 
made and the separation was again increased until finally both halves 
disappeared at the same time, and the slightest movement of the head 
in either direction would bring one of them into view and an oscillation 
of the head would give an up and down stroboscopic movement, one- 
half of the slit disappearing as the other would come into view. When 
this result is obtained the pupil just spans the gap between the two 
lenses and its width is equal to the center to center separation (s) minus 
the width (w). The quantity 8 was read from a scale on the instru- 
ment and a calibration curve was used to obtain values of pupil width 
(s-w). 
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This method of measuring pupil width was not free from faults. 
In the first place most of the subjects had difficulty in keeping focussed 
on the letters and observing the slits at the same time. The measurements 
of pupil size and accommodation for a given stimulus to accommoda- 
tion and convergence were not made concurrently and the only assurance 
that the same amount of accommodation was present in the two meas- 
urements was that the subject was instructed in each case to make the 
utmost effort to keep the letters focused. After a fashion the two meas- 
urements could have been made simultaneously by reducing the separa- 
tion until both halves of the slit (D) could just be seen and then 
measuring accommodation, but this would demand of the patient that 
he wiggle his head, turn two knobs and make three types of judgments 
at the same time. Furthermore, because of spherical aberration the accom- 
modation varies for different zones of the cornea and lens, and if the 
heams were kept touching the margins of the pupil, different zones would 
xe employed for accommodation measurements with different pupil sizes. 
This source of trouble could be eliminated by making use of infrared 
photography to record the pupil size at the same time the accommoda- 
tion measurement is made. 

A second basic source of error arises in connection with the changes 
in retinal illumination which occur as a result of pupil contraction or 
dilation induced by changing the stimulus to accommodation or con- 
vergence. The reaction of the pupil to these changes in illumination 
partially cancels the effect induced by changes in accommodation or con- 


vergence. 


III. PROCEDURE 

The experiment was carried out in a dark room. The light source 
shown in Fig. 1A were completely enclosed except as used for illuminat- 
ing the slits and targets. The only additional light was a small 7% 
lamp which was turned on and off for the purpose of reading the set- 
tings but was not exposed directly to the subject. 

Because of the difficulties encountered by the subjects in making 
the measurements it was decided to limit the measurements to a relatively 
small number of different conditions. In the first part of the experiment, 
determinations of accommodation and pupil size were made with a fixed 
stimulus to accommodation (2.50 D.) and with the maximum and 
minimum stimuli to convergence that permitted fusion. Clear vision at 
the limits of fusion was not considered essential, although the subjects 
were instructed to focus as accurately as possible. For the first reading 
the targets were motor driven to the divergence limit of single vision 
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and then brought back to the point at which the subject had no diffi- 
culty maintaining single vision. The accommodation was the first meas- 
urement and then the pupil size and then both settings were recorded 
along with the convergence of the haploscope arms. The haploscope arms 
were then motor driven in the direction of convergence till diplopia was 
obtained and the arms were brought back to the point that single vision 
could be maintained. Accommodation and pupil size measurements were 
then made and recorded along with the convergence. This whole pro- 
cedure was repeated five times. 

Following this procedure an effort was made to investigate the 
effect of keeping convergence constant and changing accommodation. 
The amount of convergence chosen for this experiment represented an 
intermediate point between the two limits of convergence with a 2.50 D. 
stimulus to accommodation which was regarded as likely to give a good 
Yange of relative accommodation. In controlling accommodation, either 
of two procedures was followed. In some instances the average values 
of accommodation at the two limits of convergence were determined 
from the readings obtained with the procedure described above. With 
the subject fixing the targets and continuously adjusting the knob to 
keep his accommodation measured, the targets were motor driven in the 
direction of increasing the stimulus to accommodation to the point at 
which the measured accommodation reached the higher of the two aver- 
age values, and then the pupil size was measured. After this the targets 
were motor driven in the opposite direction till the measured accom- 
modation reached the lower of the two average values and the pupil 
size was again measured. This whole procedure was repeated five times. 

In other cases the stimulus to accommodation was set at some value 
above 2.50 D. at which the subject felt certain that accommodation 
could be maintained with the fixed amount of convergence, and the 
accommodation and pupil measurements were made alternately until five 
of each were obtained. 

The same procedure was followed with a fixed stimulus to accom- 
modation less than 2.50 D. 

- The reason for alternating the readings at the two limits of accom- 
modation and convergences is that the data show systematic drifts which 
are attributable either to slow changes in pupil size caused by uncon- 
trolled factors or by changes in the criteria on the part of the subject 
as to what constitutes a proper setting. As long as the readings at the 
two limits are taken alternately, the drifts affect one reading about as 
much as the next, and the average readings can be compared with each 
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The subjects consisted of juniors and seniors in the School of 
Optometry who had no previous experience in making subjective measure- 
ments of pupil size, and who had only an elementary appreciation of 
the purpose of the experiment. 

Although six subjects were tried out, two of them showed little 
aptitude in making the pupil size measurements which requires a certain 
amount of skill and were dismissed without letting them complete the 
experiment. 

Each of the remaining subjects was given preliminary practice until 
it was certain that he had acquired the knack of making satisfactory 
measurements of accommodation and pupil size. 


IV. RESULTS 


For the purpose of demonstrating drifts in pupil size and analyz- 
ing their cause, the data for accommodation, convergence and pupil size 
have been plotted as functions of the order of readings as shown in 
Figs. 2, 3, 4 and 5. 

In the case of J. M. (Fig. 3) there is indicated a gradual decrease 
in the size of the pupil throughout the series of measurements with dif- 
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SEQUENCE OF MEASUREMENTS 
Fig. 3——Data for J. M. 
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ferent amounts of convergence. The base-in limit showed a similar 
drift, which is probably an after-effect of maintaining the eyes in a 
converged position with accommodation inhibited. The possibility that 
the two effects may be related is worth calling attention to. 

In the case of B. R. (Fig. 4) drifts occurred which do not seem 
to be related in any way to accommodation and convergence. 

In the first half of the experiment which involves chariges in con- 
vergence, the results for subjects W. B. and J. M. (Figs. 2 and 3) indi- 
cate that the changes in convergence induce not only changes in pupil 
size, but also changes in accommodation. This indicates that the changes 
in pupil size associated with convergence are not necessarily associated 
with the changes in convergence per se but may be associated with the 
concomitant changes in accommodation. 
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SEQUENCE OF MEASUREMENTS 
Fig. 4—Data for B. R. 


The results obtained in the second part of the experiment are 
plotted in the right hand graphs of Figs. 2 and 3. These graphs indicate 
that changes in pupil size can be induced by changing accommodation 
without changing the triangulation of the lines of sight. 
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A casual inspection of the graphs indicates that the changes in 
pupil size induced by accommodation alone is not as great as when 
accommodation is accompanied by changes in convergence. 

The problem was quantitatively evaluated by calculating the aver- 
age changes in accommodation and pupil size induced by changing con- 
vergence along with accommodation and by changing accommodation 
alone, and by dividing the average change in pupil size by the average 
change in accommodation to determine the number of mm. decrease in 
the size of the pupil for each diopter of increase in accommodation. The 
data for W. B. and J. M. are summarized with the following results. 

The data thus summarized show a much greater effect in pupil size 
when both accommodation and convergence are changed, than when 
accommodation alone is changed. 

Before attaching too much significance to this fact one must con- 
sider the following facts. The accommodation and pupil measurements 
were not made simultaneously. At the upper limit of convergence for a 
given stimulus to accommodation, the subject had to hold accommoda- 
tion in check but at the upper limit of accommodation for a given 
stimulus to convergence he had to force it into play, and during the 
pupil measurement when he had difficulty keeping his eyes focused on 
the letters, the accommodation was apt to slip in one direction for one 
set of measurements and in the opposite direction for the other set. The 
situation is just reversed at the lower limits of convergence and accom- 
modation. 

It is not at all inconceivable, therefore, that if the pupil size had 
been measured simultaneously with accommodation by objective obser- 
vation or infrared photography, the results would have shown the 
change in pupil size induced by convergence is just as definitely asso- 
ciated with accommodation as the changes induced by changing the 
stimulus to accommodation when triangulation is fixed. 

It is obvious that the easiest way to find a definite answer to this 
question is to resort to a method which provides stimultaneous measures 
of accommodation and pupil size, and plans have been made for carry- 
ing out such an investigation. ; 

The data for subject B. R. are presented in Fig. 4. In this case 
there are no appreciable changes in accommodation or pupil size with 
change in convergence. This indicates, offhand, that the changes in con- 
vergence can occur without change in pupil size. However, when an 
attempt was made to induce changes in accommodation with convergence 
fixed, significant changes in pupil size failed to show up under these 
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circumstances. Since the pupil definitely contracts when this subject 
has one eye occluded and focuses on a near object which requires about 
5.00 D. accommodation, it is possible that in the experiment with fixed 
convergence the subject simply failed to keep focused on the target while 
making the pupil size measurements. The need for simultaneous measure- 
ments of pupil size and accommodation is definitely indicated. 
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SEQUENCE OF MEASUREMENTS 
Fig. 5——Data for J. S. 


The data for subject J. S. are presented in Fig. 5. This subject was 
the only one who showed significant changes in pupil size in response 
in changes in convergence, which were not accompanied by changes in 
accommodation. In the case of this subject, it was not possible by the 
method used to determine to what extent changes in pupil size could be 
be induced by changes in accommodation while convergence remained 
fixed, because he was completely frustrated with the problem of main- 
taining a focus for the letters while at the same time watching the slit 
to measure pupil size. 

By the ordinary push-up method the subject manifested over 5.00 
D. accommodation, and the results cannot be explained as might be the 
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case in aphakia or presbyopia on the ground that contraction of the 
ciliary muscle occurs without changes in accommodation. 

It will be important to reinvestigate this subject’s responses when 
a method is devised for measuring accommodation and pupil size 
simultaneously, because if the same results can be obtained under such 
conditions, unquestionable evidence would be provided that, in one case, 
at least, pupil size can be associated with fusional convergence which is 
not related to changes in accommodation. 


V. DISCUSSION AND SUMMARY 


When changes in accommodation occur with triangulation fixed, 
it must be recognized that changes in the innervation to convergence 
may be occurring at the same time. According to Maddox’ analysis of 
convergence into accommodative and fusional components, the changes 
in accommodation which occur when triangulation is fixed, must be 
accompanied by changes in accommodative convergence which have to 
be compensated by changes in fusional convergence. 

According to this analysis, the fact that changes in pupil size occur 
when accommodation changes with triangulation fixed, demonstrates 
that pupil contraction, accommodation and accommodative convergence 
are all associated together and the remaining problem concerns whether 
fusional convergence can also induce a change in pupil size. The only 
clear evidence of this found in the present study occurs in the case of 
one subject whose data indicate that changes in pupil size occur with 
changes in convergence which are not accompanied by changes in accom- 
modation. 

In the remainder of the cases, the changes in pupil size can most 
likely be attributed to changes in accommodation and the associated 
accommodative convergence. It is useless to speculate further on the 
physiological and psychological significance of the data, until the experi- 
ments are repeated with provision for simultaneous measurements of 
pupil size and accommodation. 
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RADIANT ENERGY FROM FLUORESCENT LAMPS* 


Matthew Luckiesh and A. H. Taylor 
Cleveland, Ohio 


The advent of a new source of artificial light commonly results in 
various suspicions and complaints. This is sometimes true in a lesser 
degree when a radical change in a lighting installation is made. Anyone 
who has witnessed various major advances in light production and in 
systems of lighting, and who has been in a position to receive inquiries 
and complaints, knows that many suspicions are entirely unwarranted 
from either a factual or a theoretrical basis. Some appear to spring from 
a confusion of glare with a meager acquaintance with the known facts 
of radiant energy. Confusion of this sort can only be dissipated by 
quantitative measurements or experienced observation and analysis. Com- 
plaints of fluorescent lighting which have any factual basis are generally 
found to be due to glare from bare lamps in the visual field or to other 
violations of the principles of good lighting and seeing conditions. Those 
which involve indictments of the radiant energy emitted by fluorescent 
lamps find no support in knowledge and experience or even in sound 
theory. 

Many in the lighting industry recall the suspicions which arose 
when the mercury lamp—the Cooper-Hewitt mercury arc—was intro- 
duced for lighting purposes. It was accused of emitting ultraviolet energy 
in quantities harmful to the eyes and even to the skin. Its discontinuous 
spectrum was accused, on the basis of vague unsupported theory, of 
being detrimental to the visual sense. Similarly infrared energy emitted 
by filament lamps has been accused, and still is occasionally, of harmful 
biological effects, notwithstanding the fact that no such effects of infrared 
energy have been established. Furthermore, there is no sound theoretical 
basis for such a suspicion. 

Even the meager and spectrally limited ultraviolet energy from 
tungsten-filament lamps was seriously suspected of being harmful. Bulbs 
of special glass and even “‘protective’’ eyeglasses were recommended in 
the early part of the tungsten filament era. When the blue-green bulb 
converted the tungsten-filament lamp into a so-called ‘‘daylight’’ lamp, 
a minor flood of suspicions and complaints arose. Many were ridiculous 


*Submitted on July 6, 1945, for publication in the October, 1945, issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY OF 
OPTOMETRY. An abridgment of the material appearing in ILLUMINATING ENGINEER- 
ING, Vol. 40, No. 2, pp. 77-88. 1945. 
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in varying degree, as is true in these early years of fluorescent lighting. 
Glare and poor seeing conditions, including inadequate light upon the 
task, have been the common causes of the justifiable complaints. 

In appraising suspicions and complaints of light and lighting, it 
should be borne in mind that most persons who make the original com- 
plaints can scarcely qualify as competent observers or analysts. Further- 
more, there is no more fruitful field for quacks and quackery than in the 
field of light, color and radiant energy. Note the extensive use of so- 
vaiuled color-therapy notwithstanding the lack of a sound foundation 
of acceptable proof. Lighting is not entirely free from this kind of prac- 
tice ““‘beyond knowledge’’ which, whether intentional or not, is quackery. 
Of course, a certain illuminant may possess specific advantages in specific 
cases involving the appearance of color, esthetic or psychological effects, 
and the mixture of artificial light with natural daylight. However, com- 
mon illuminants do not differ significantly in their contribution to 
visibility. Even the differences in effectiveness in this respect among col- 
ored illuminants are surprisingly slight as measured by various criteria 
which have been adequately developed by careful and extensive research. 
Purely monochromatic light is an exception under certain conditions, 
but obviously this as well as the other ‘“‘colored”’ illuminants is not accept- 
able for general lighting practice.’ 


ULTRAVIOLET ENERGY 


No reputable manufacturer would make a light-source available to 
the public without adequate control of the output of ultraviolet energy. 
Nevertheless, fluorescent lamps have been extensively subjected to sus- 
picion in this respect and some eyesight specialists and others have advo- 
cated tinted eyeglasses or safety glasses to ‘‘protect’’ the eyes from the 
ultraviolet energy emitted by these lamps. It should be realized that the 
composition of the glass envelope of a light-source can be so controlled 
that the short-wave limit of the spectrum of the transmitted energy can 
be fixed at any point desired. For example, the manufacturer may decide 
to limit the spectrum of a light-source to that of natural sunlight or sky- 
light. It should also be realized that the harmful effect of ultraviolet 
energy not only depends upon the wavelength of the energy but also 
upon the intensity of the energy upon the eyes, skin, etc. In addition 
time is a factor. In other words, the harmful dosage of energy of a 
given wavelength is a matter of time times intensity. Without quan- 


‘Light, Viston and Seeing by Matthew Luckiesh, D. Van Nostrand Co., New York, 
1944. 
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titative measurements of these factors in terms of the biological effect 
under consideration any conclusion is purely speculative. 

The spectrum of natural sunlight or skylight ends in the ultra- 
violet region in the neighborhood of 42950. At high altitudes it may 
extend slightly further but it seldom if ever reaches 42900 anywhere 
that human beings are exposed in large numbers for long periods. Care- 
ful studies of the erythemal effect of ultraviolet energy have been made 
for normal eyes and skin. The effectiveness of energy of wavelengths 
longer than 43150 in producing erythema of the skin or conjunctivitis 
(inflammation of the conjunctiva or outer membrane of the eye) is 
negligible excepting in dosages never encountered with fluorescent lamps 
indoors and rarely encountered outdoors. 


TABLE I—INTENSITY OF ULTRAVIOLET ENERGY SHORTER THAN .\3150 MEAS- 
URED IN MICROWATTS PER SQ CM FOR CERTAIN LEVELS OF ILLUMINATION 
DURING THE MIDDAY HOURS ON CLEAR DAYS IN SUMMER, COMPARED WITH 
THAT FROM WHITE (3500°) FLUORESCENT LAMPS. 

a. Direct sunlight 

b. Skylight, clear blue sky 

c. Sunlight plus skylight 

d. Direct fluorescent light, 3500° white 


Microwatts per sq cm per 


Footcandles | footcandle 
| 


Actual | Relative 


Actual Relative 


| Microwatts per sq cm | 


Intensity of ultraviolet energy shorter than \3150* 


6600 56 70 | 0.0085 | 0.53 


a 

b 1900 117 146 | 0.0620 3.85 

c 8500 173 216 0.0205 1.28 

d 50 | 0.8 1 | 0.0160 1.00 


Intensity of ultraviolet energy shorter than \3150 erythemally weighted** 
| 


a. 6600 7.5 214 | 0.00114 | 1.63 
b. 1900 15.6 450 / 0.00820 11.7 
8500 23.1 660 0.00272 3.88 
d. 50 0.035 | 1 | 0.0007 | 1.00 


*Most surfaces do not efficiently reflect ultraviolet energy shorter than \3150. There- 
fore. the footcandles due to reflected light are generally accompanied by relatively little 
of this erythemally effective energy. 

**A six-year record-of erythemally weighted ultraviolet energy in daylight indicates 
that in midwinter it is about 0.1 that in midsummer at 40° N latitude. 
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In a laboratory equipped for such work delicate measurements of 
ultraviolet energy in various prescribed and meaningful ways are readily 
made. For many years ultraviolet energy has been a major interest of - 
the authors and their colleagues. Although the intensity of ultraviolet 
energy (shorter than 43150) from sunlight and skylight outdoors varies 
considerably even on clear days, typical results obtained during midday 
in midsummer are presented in Table I. This band of ultraviolet energy 
is measured in micro-watts per square centimeter for the levels of illumi- 
nation indicated for the various illuminants. It is seen that the intensity 
of this erythemally effective energy is commonly a hundred times greater 
on a clear day outdoors during the midday hours in midsummer than it 
is for 50 footcandles of direct or unreflected light from white (3500°) 
fluorescent lamps. The ultraviolet energy shorter than A3150 emitted 
by daylight (6500°) fluorescent lamps is about 2.3 times that from 
white fluorescent lamps. The actual output of this ultraviolet energy 
from fluorescent lamps varies with the thickness of the glass, with the 
coating of the phosphors and other factors but the variations are in- 
significant for the present purpose. 

In the lower part of Table I the values of ultraviolet energy shorter 
than A3150 are erythemally weighted. Thus they represent a better pic- 
ture of the effects upon the skin and the conjunctiva. The values in the 
third column indicate that sunlight and skylight on a clear day during 
the midday hours in midsummer are commonly several hundred times as 
erythemally effective as 50 footcandles of direct light from white fluores- 
cent lamps. 

In the last column of Table I are presented the actual and relative 
values of ultraviolet energy shorter than A3150 per footcandle. When 
the footcandle intensities of sunlight, skylight and fluorescent light are 
multiplied by these factors it is seen that there is no cause to worry about 
the ultraviolet energy from levels of illumination from fluorescent lamps 
many times greater than those now being specified. In fact, workers in 
lamp factories exposed all day long to 600 footcandles of light directly 
from fluorescent lamps have suffered no effects attributable to ultraviolet 
energy. Actually the intensity of erythemally weighted ultraviolet energy 
upon their eyes is much less than the intensity their eyes are exposed to 
outdoors during midday on a clear day in midsummer. In this connec- 
tion it should be emphasized that the biologically-effective ultraviolet 
energy is generally greatly reduced by reflection from most surfaces. 

The intensity of erythemally weighted ultraviolet energy on the 
earth's surface due to skylight is often greater than that due to direct - a 
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sunlight during midday.” This is indicated in Table I but an example 
is helpful. 

If a person is standing outdoors on a clear day during the midday 
hours in summer with his back to the sun, the level of illumination at 
the vertical plane of his eye may be 500 footcandles due to light from 
a clear blue sky. The ultraviolet energy shorter than A3150 per foot- 
candle of direct skylight is 3.85 times greater than that accompanying 
one footcandle of direct light from white fluorescent lamps. Therefore, 
from this viewpoint the 500 footcandles of direct light from the sky 
are accompanied by as much of this ultraviolet energy as 1925 foot- 
candles of direct light from white fluorescent lamps or about 840 foot- 
candles of direct light from daylight fluorescent lamps. 

Considering, in addition to this, the fact that most reflecting sur- 
faces have low reflection factors for this ultraviolet energy shorter than 
43150, there is no factual basis for suspecting that fluorescent lighting 
can possibly be harmful to normal eyes and skin. Obviously this state- 
ment is a safe one for levels of illumination many times greater than 
those of the best fluorescent lighting practice of the present time. If the 
comparison with skylight is made on the basis of erythemally weighted 
ultraviolet energy, as indicated in the lower half of Table I, it is obvious 
that several thousand footcandles of fluorescent light would be no more 
‘harmful’ than 500 footcandles of light during midday on a clear mid- 


summer day. 


TABLE I]—Inrensitry or Rapiant ENerGy per FootcaNDLe ror Various ILLUMINANTS 


| 


Microwatts per sq cm per 


| footcandle 

| Actual | Relative 
Clear skylight through '¢-inch glass | 4.9 | 0.61 
Sunlight, midday midsummer 9 | 1.12 
Sunlight through !¢-inch glass... | 7.5 0.94 
Fluorescent lamp, 40-w, 3500°. oe | 8 | 1.00 
Same through !¢-inch clear glass 3.5 0.44 
Fluorescent lamp, 40-w, 6500°. . — 10 1.25 
Same through '-inch clear glass al 4.5 0.56 
Tungsten-filament lamp, 60-w +f 55 6.9 
Tungsten-filament lamp, 100-w eal 45 5.6 

40 5.0 


Tungsten-filament lamp, 200-w 


*Seasonal Variations of Ultraviolet Energy in Daylight, Matthew Luckiesh, A. H. 
Taylor and G. P. Kerr, Journal of the Franklin Institute, 238, 1944, 1. 
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It is possible that the conjunctiva may lose some of its adaptation 
to ultraviolet energy just as skin does during the winter months when 
the sun is at low altitudes. However, it should become adapted again 
just as the skin does outdoors. There is also the possibility of an 
abnormality of the skin or of the eyes in some cases which might make 
a person supersensitive. However, such a person should experience real 
trouble if exposed to skylight outdoors even for a short period of time. 


INFRARED ENERGY 


Little space need be given to a discussion of infrared energy accom- 
panying the light from fluorescent lamps. There is scanty evidence that 
this energy is directly responsible for any biological effect and certainly 
there is no proof that it is harmful to the eyes or skin in dosages obtain- 
able under artificial lighting conditions. However, in respect to the quan- 
tity of infrared energy, light from fluorescent lamps compares favorably 
with that from midsummer sunlight and skylight. 

It is seen in Table II that the total radiant energy accompanying 
one footcandle, supplied by light directly radiated from the bare light 
source, is about the same for fluorescent lamps as for midday midsum- 
mer sunlight. A sheet of clear glass % inch in thickness considerably 
reduces the total radiant energy per footcandle from these sources. 
Actually fluorescent light after passing through this additional sheet of 
glass is as “‘cool’’ as skylight entering through a glass window. Viewed 
quantitatively with proper consideration of footcandle levels, it is over- 
whelmingly obvious that infrared energy from fluorescent lamps is harm- 
less to eyes if daylight outdoors is harmless. And certainly human eyes 
are adapted physically and physiologically to this and other aspects of 
the outdoor environment under which they evolved. 

From Table II it is seen that the total energy accompanying a foot- 
candle of tungsten-filament light is about five times the quantity accom- 
panying fluorescent light or sunlight. In this respect 100 footcandles of 
direct tungsten-filament light equal about 500 footcandles of sunlight. 
The intensities of sunlight on the eyes and skin in the summertime are 
commonly 5000 footcandles. 


VISIBLE RADIANT ENERGY 


Certain vague ideas and loose theorizings in regard to the spectral 
character of light or visible radiant energy have persisted for a long time. 
In general they are important only as nuisances. With the advent of 
fluorescent lamps some of these have been revived and the ‘‘vitamin era’ 
has added a new influence. Many who practice illuminating engineering 
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are confused and even left in doubt, for the reason that they do not have 
a sufficient background of knowledge in various sciences to understand 
or to appraise these speculations. This is particularly true when the 
speculations are expressed in the complex unfamiliar language of branches 
of science not extensively associated with light and lighting. 

During many years of research with visible and invisible radiant 
energy One becomes familiar with, and active in, various highways of 
science extending far beyond physics into such realms as physiology, 
biology, psychology, and ophthalmology. From this extended experience 
one must conclude that there is no proof at present that the spectral dis- 
tribution of energy of any illuminant, suitable for general lighting appli- 
cations, is any more detrimental to the eyes or visual sense than that of 
any other illuminant suitable for extensive use. As yet the only source 
of suspicion is loose theorizing or mere speculation with no foundation 
of sound theory or measurement. Theorizing is a necessary step in tem- 
porarily bridging the known with the unknown. However, it should be 
properly labeled and it must not ignore known facts and experience. 
Theorizing without any basis of fact is nothing more than speculation. 
Even this has its place but it should be confined chiefly to the realms of 
scientists. Certainly it provides no foundation for any conclusion or 
practice. 

First let us consider all illuminants that are acceptable rather gen- 
erally for extensive use. Among these are the visible energy, regardless 
of the spectral distribution of energy, emitted by tungsten filaments, mer- 
cury arcs and fluorescent lamps. Obviously these differ widely in spectral 
character as indicated in Fig. 1. In each class they differ widely among 
themselves in this respect. Daylight must also be included and it is 
obvious that it varies enormously from deep blue skylight to direct or 
reflected sunlight from the sun at different altitudes. However, when 
these illuminants are applied to a visual task under the same seeing 
conditions, a given level of illumination from one illuminant has no 
significant advantage or disadvantage over that of any of the other 
illuminants as indicated by such criteria as visual acuity and visibility. 

Criteria of eye fatigue and ease of seeing are not as well established 
as yet. However, even in these respects there is no generally acceptable 
proof that the foregoing illuminants differ significantly. If any signifi- 
cance is to be attached to results which indicate otherwise, the advantage 
is in favor of white light or average daylight, in comparison with the 
yellowish light from filament lamps. 

Notwithstanding the foregoing, slightly tinted lamps have been 
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EQUAL FOOTCANDLES 
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4000 5000 6000 
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_ Fig. 1—Energy distribution in the visible spectrum for equal intensities of illumi- 
nation. 


A—Black body at 2850° K (approximate for 100-watt tungsten-filament lamp). 
B—Natural daylight, sunlight plus clear sky, 6500° K. 

C—Zenith sky, 60,000° K. 

D—Daylight (6500° K) fluorescent lamp. 


presented to the public with claims contrary to those of extensive re- 
search and with new claims added which have not been adequately 
proved, at least to the satisfaction of many familiar with the knowledge 
available and the complexities involved. This alone emphasizes the 
great need for knowing at least what is known. Certainly lighting spe- 
cialists first of all should be able to distinguish among proved fact, sound 
theorizing and mere speculation. They should be able to recognize 
quackery and should help to combat it. 

One of the perennial suspects among the various characteristics of 
common illuminants is the discontinuous spectrum as exhibited by the 
mercury arc of the older type. As is well known, its visible energy is 
confined almost entirely to four spectral lines in the regions indicated 
by the four rectangles projected above the continuous spectrum D in Fig. 
1. Between these “‘lines’’ of the spectrum of the Cooper-Hewitt type of 
mercury arc there are gaps in which little or no energy is radiated. This 
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discontinuous spectrum has been much berated without an iota of proof 
upon which to base a suspicion. 

If a white surface is illuminated by the light from this mercury 
arc with a discontinuous spectrum, the visual sense appraises the surface 
as a white with a greenish tint. The eye does not ‘“‘know”’ whether this 
white surface is illuminated by an illuminant with a discontinuous or a 
continuous spectrum. Actually the visual sense is unable to determine 
the spectral characteristics of common illuminants plotted in Fig. 1. 
Incidentally, these distributions of energy are plotted for equal intensities 
of illumination; that is, for equal footcandles on a perfectly white 
surface. 

Throughout the realm of physiological optics there is no fact which 
supports the suspicion that this discontinuous spectrum is ‘‘harmful”’ 
in any way. Speculators seem to lose sight of the fact that the visual 
sense synthesizes. Furthermore, uncounted thousands of persons have 
performed critical seeing for years under mercury-arc light with its dis- 
continuous spectrum without any discovery of ill effects, by ophthal- 
mologists or other qualified specialists, which have been proved to be due 
to spectral discontinuity. 

The spectral characteristic of the visible energy from fluorescent 
lamps is a continuous spectrum upon which the discontinuous spectrum 
of mercury is superposed. As seen in D in Fig. | the spectrum of the 
visible energy emitted by the ‘‘daylight’’ fluorescent lamp is continuous 
but irregular on account of the mercury ‘‘lines.’’ Certainly if no positive 
evidence of harmful effects of the discontinuity of the mercury spectrum 
exists there is no cause for suspecting the continuous though “‘irregular”’ 
spectrum of the light from the fluorescent lamps in common use. 
Furthermore, millions of persons have already performed critical seeing 
for long periods under fluorescent lighting without any positive evidence 
of harmful effects due to the spectral character of the light. 

One common source of confusion in this respect is the failure to 
discriminate between glare due to brightnesses and brightness-contrasts in 
the visual field of the worker. Incidentally, it has not been established 
that light of one spectral character is any more or less glaring than light 
of another spectral character. On the contrary the evidence of some re- 
searches indicates that there is no difference in this respect among illumi- 
nants differing moderately in color. Certainly the illuminants com- 
monly in use differ greatly in spectral character but only moderately in 
color. In fact, all are unsaturated tints rather than pronounced colors. 
Therefore, glare from common illuminants must be considered a matter 
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of brightness or quantity of light rather than a matter of the kind of light. 
In a recent paper, and in discussions with him, Harmon* has revived 
some of the old speculations and has added a new one arising from the 
present vitamin era. Unfortunately in comparing tungsten-filament light 
with fluorescent light Dr. Harmon did not control glare. In his major 
investigation of lighting he dealt with a direct system of fluorescent 
lighting with bare lamps in the visual field of the workers and an indirect 
system of tungsten-filament lamps. From the viewpoint of harmful 
effects of glare, indirect lighting with filament lamps is obviously better 
than direct lighting with fluorescent lamps when many of the latter are 
visible in the visual field of the workers. These were the types of installa- 
tions from which complaints arose which Dr. Harmon investigated. 
However, no conclusions in regard to the effect of spectral character of 
light upon the eyes are sound unless all other factors are controlled and 
the seeing conditions are identical with the exception of the spectral 
characteristics of the illuminants which are being compared. 

Vitamins are among the great contributions of science in the pres- 
ent era. Appreciation of their beneficence is not altered by the extrava- 
gance of some claims and of some efforts toward their commercialization. 
A deficiency in riboflavin is apparently revealed by vascular signs around 
and within the edge of the cornea. The eyes are ‘‘blood-shot’’ in this 
region. Some excellent work has been done with this criterion, as, for 
example, on pilots flying over water in the daytime. The reflection of 
the sun’s image from water is very glaring. Ariboflavinosis, or a de- 
ficiency of riboflavin, appears to be one of the results. Some believe that 
this is due directly to exposure to light. However, no systematic research 
has proved that it depends upon the spectral character of the visible 
energy, at least within the variations of spectral character among com- 
mon illuminants. Here again glare due to brightness may be the sole cul- 
prit. We know that the effects of glare are far reaching. It not only 
causes eyestrain and eye fatigue, but also tenseness and annoyance. There- 
fore, the effects of glare pervade the physical, physiological and psycho- 
logical realms of a human being. 

In some speculations it is implied that if exposure to light causes 
a riboflavin deficiency this is a harmful or deleterious effect. One might 
just as well conclude that walking or working causes harmful effects 

through the ‘‘deficiencies’’ which result. We eat, drink, rest and sleep 
to make up deficits due to working—and living. Degeneration and re- 


*Lighting and the Eye, D. B. Harmon, //luminating Engineering, 39, 1944, 481. 
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generation in uncounted processes are continually going on in the living 
human being. However, in the problem of exposure to light—if there 
is a problem—we should not lose sight of the need for adequate light 
and proper lighting. There is adequate proof that inadequate light and 
improper lighting and other aspects of poor seeing conditions adversely 
affect the human being and human resources. Medical, health and 
welfare authorities have lagged far behind in recognizing the possibilities 
of modern light-sources. 

In Fig. V of his paper Dr. Harmon shows the absorption spectrum 
of riboflavin. It extends from the middle ultraviolet region through the 
violet, blue and blue-green portions of the visible spectrum. In other 
words, it indicates that riboflavin absorbs visible radiant energy shorter 
than A5100 to some degree. He then makes a not uncommon error in 
interpreting the meaning of the absorption spectrum. He assumes that, 
because violet, blue and blue-green light is absorbed by riboflavin, visible 
energy of all these wavelength destroys riboflavin. It is true that radiant 
energy must be absorbed if it is to produce an effect whether this effect 
is detrimental or beneficial—undesirable or desirable. However, the con- 
verse is not true. In other words, energy which is absorbed does not 
necessarily cause any other effect than to heat the material. 

A red fabric may fade upon exposure to an illuminant. Its absorp- 
tion spectrum obviously extends from the middle of the visible spectrum 
through the green, blue and violet and into the ultraviolet regions. It is 
not necessarily true that energy of all the wavelengths throughout this 
absorption spectrum causes the fading. In a given case only the ultra- 
violet may be primarily responsible for the fading. The absorbed energy 
of other wavelengths may produce no photochemical effect. It may only 
raise the temperature of the red fabric. 

In the case of a deleterious effect, the absorption spectrum, in a 
sense, only indicates the woods in which the culprit is concealed; it does 
not necessarily indicate the tree behind which the culprit is to be found. 
The absorption spectrum of riboflavin does not prove that energy of any 
wavelength which is not entirely transmitted causes such a photobio- 
logical effect as the destruction of riboflavin. 

Initially Dr. Harmon seems to have been insufficiently concerned 
with glare in his observations and erroneously influenced by the absorp- 
tion curve of riboflavin. The latter influenced his speculations to the 
extent that he actually viewed tungsten-filament light favorably owing 
to its relative paucity in the short-wave region of the visible spectrum. 
Owing to a greater abundance of short-wave visible energy in fluores- 
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cent light, he speculated that this illuminant was less satisfactory than 
tungsten-filament light. No proof of this is available in practice and none 
is really indicated in theory. In addition, it is well to repeat that millions 
of persons have been working for long periods under fluorescent light 
just as many millions have worked and still work under tungsten light. 
If there is a significant difference in their photobiological effects it seems 
reasonable to believe that it could not escape discovery by or through 
this mass experience. 

There is still another important aspect to Dr. Harmon’s speculation. 
Let us consider skylight from a clear blue sky. In Fig. 1 it is seen to con- 
tain a greater abundance of short-wave visible energy than light from 
daylight fluorescent lamps for equal intensities of illumination. Count- 
less millions of persons for centuries have performed critical seeing for 
slong periods in the light from the sky. In fact, until relatively recently 
skylight through windows and other openings has been the universal 
indoor illuminant. Even today millions read and perform other critical 
tasks of seeing near windows for long periods daily. If light from the 
fluorescent lamps in common use is detrimental in any way owing to the 
abundance of short-wave visible energy—blue and violet—blue sky 
should be even more detrimental. When one takes into account the levels 
of illumination such a speculation becomes still more attenuated. Actu- 
ally there is no evidence upon which to throw aside the great principles 
of evolution and adaptation. If human eyes are not adapted to natural 
skylight are they adapted to anything? Thus it is quite a responsibility 
to indict the spectral characteristics of fluorescent lamps in common use. 
Actually natural sunlight and skylight will have to stand trial too. 

The foregoing are only brief glimpses of major suspicions of 
fluorescent light. It is gratifying to note the increasing interest of school 
authorities, health departments, welfare organizations, eyesight special- 
ists and the medical profession. All these will find that there is much 
available knowledge of the penalties of inadequate light and improper 
lighting and of the rewards of adequate light and proper lighting. In 
fact, knowledge of seeing conditions is far ahead of its use in general. 
We need the cooperation of all these groups and everyone else interested 
in the conservation of human resources through better seeing. If everyone 
concerned will view the available knowledge without prejudice and for 
the benefit of humanity, they will find the present day light sources and 
knowledge adequate to make much real progress beyond the present 
generally primitive lighting and seeing conditions. There is much to be 
done. Speculation and theory may well be left to those working in 
scientific realms. 
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THE USE OF VOLUME TWO OF THE DVORINE COLOR 
PERCEPTION TESTING AND TRAINING CHARTS FOR 
GRADING COLOR PERCEPTION DIFFICULTIES* 


Israel Dvorine, O.D., F.A.A.O. 
Baltimore, Md. 


The second volume of the Dvorine Color Charts was designed 
primarily for training purposes, but it can also be used for testing color 
perception and color discrimination and the results obtained with it offer 
the examiner a means of grading the extent of the color vision defect. 

Volume one of this set consists of 60 charts, the first four of which 
are to acquaint the patient with the type of response desired from him 
and to observe, in the shortest possible time, if his color discrimination 
is faulty. If the patient fails to respond correctly to charts A2, A3 and 
A4 he is then examined with the rest of the 56 charts of volume one to 
disclose the specific color combinations which he confuses. All of the 56 
charts are printed in two colors and these colors are used in two tints 
in each chart. 

Ten of the seventy charts of volume two of this set are similarly 
arranged in two-color combinations and each color is used in two tints. 
All other charts of this volume, numbering 60 charts, are printed in two 
colors but of one tint each. Twenty of these charts are specifically for 
training purposes only but the remaining 40 charts in volume two can 
be used for testing. These charts are simpler in design and more easily 
distinguished than the 56 charts of volume one. 

A patient who fails to see the digits of volume one but can recognize 
the digits of the same color combinations of volume two, has a relatively 
lesser degree of color confusion than the patient who cannot see the 
digits in volume one and in volume two. The color combinations com- 
mon to both volumes are: red and green, red and brown, red and gray, 
orange and green, and blue and violet. 

Thus, it is of interest to test a patient with the charts of volume one 
and with charts of volume two, if he shows a lack of ability to dis- 
criminate between colors, in order to grade the extent of his color 


difficulty. 


*Submitted on September |, 1945, for publication in the October, 1945, issue 
of the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 


ACADEMY OF OPTOMETRY. 
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COLOR PERFECTION DIFFICULTIES—DVORINE 


For testing purposes, the following charts of volume two are to 
be used: 
Red and Green 
B3, B4, B5, B6é, BY, B10, B11, B12 
Red and Brown 
B17, B18, B19, B20, B23, B24, B25, B26 
Red and Gray Pi 
B31, B32, B33, B34, B37, B38, B39, B40 ; ee 
Green and Orange ae 
B45, B46, B47, B48, B51, B52, B53, B54 a ss 
Blue and Violet 
B59, B60, B61, B62, B65, B66, B67, B68 g 
ISRAEL DVORINE, O. D., 


* 2328 EUTAW PLACE, 
BALTIMORE, MD. 
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PROBLEMS OF THE RETURNING OPTOMETRIST 


The war which swept thousands of optometrists into the far places 
of the earth is now over and the non-spectacular postwar period has 
begun to return some of them to our homeland. Is our profession ready 
for them? Are they ready to adjust to those conditions which await 
them at home? Both groups of optometrists have changed by their war- 
time experiences. These questions are in the minds of many optometrists. 
They cannot be answered without giving consideration to some of the 
social forces which will condition the future practice of optometry. 
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For example, the war has caused two great groups of Americans to 
have an increased appreciation of proper health care. These groups are 
first, the millions of men and women in our armed services, and second, 
that great group of war workers who served in industry under carefully 
supervised health programs. Both groups have had a higher measure of 
health care than ever before and in a large part neither group will be 
willing to forego similar good health care in the future. 

As this care was essentially professional in character it is logical 
that these groups will continue to seek professional health care in the 
future and this will apply equally to optometrists as well as physicians 
and dentists. 

As optometrists we must realize, too, that the postwar plans of 
both government and voluntary public health agencies are based on the 

, assumption that these politically powerful groups will demand that pro- 
fessional health care be much more widely distributed than ever before. 

Optometry is therefore confronted with a condition that demands 
strong and courageous leadership. It must adopt the preparation and 
distribution of returning optometrists to these changing demands. It 
must provide leadership in supplying refresher courses and economic pro- 
grams to enable the returning optometrist to re-enter his chosen-career on 
a professional basis. [It must supply leadership and programs to enable 
all optometrists to demonstrate greater competence in the care of visual 
problems, for the demonstrable skills of good refracting are the corner- 
stones without which truly professional optometry cannot be universally 
achieved. 

In the amended Wagner-Murray-Dingle Bill, optometry has been 
recognized as one of the fundamentals of good public health service, 
and this is just a forerunner of similar measures with which we as a 
profession will have to deal. 

As optometrists generally know, the American Optometric Asso- 
ciation has been working on these problems since 1943. Much prelimi- 
nary work has been done and the time is now ripe to place the entire 
program in full swing. The Academy stands ready to assist if called 
upon to do so. Through its Speakers Bureau, competent authorities on 
every subject germane to optometry may be secured and programs for 
refresher courses may also be augmented from this same source. The 
Academy, too, may possibly assist the returning optometrist by having 
its Fellows personally advise returning optometrists as to the exact plans 
to follow in opening their offices. All members of the Academy practice 
professionally and are prepared to mull-over and discuss the newcomer'’s 
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contemplated program and advise him from their already extensive 
background of prior experience in this field. 

Most optometrists, after short refresher courses, will return to their 
practices, which are the very foundation upon which optometry is built. 
Our good reputation and the esteem in which we are regarded by the 
public is because of these individual practitioners. For the optometrist 
returning from service, these individual practices should be encouraged in 
every possible way by organized optometry. 

There is urgent need, too, for some of our returning service men 
to specialize. Some will want to spend several years in graduate work, 
ultimately receiving degrees which fit them for teaching in our schools 
and colleges. Others will wish to take formalized courses to prepare 
themselves for specialized work with contact lenses, the correction of 
aniseikonia or the treatment of strabismus. The public demand for op- 
tometrists with these special qualifications is enormous and will grow 
in the years to come. Our educational institutions have an obligation to 
arrange programs to fill these needs. 

However, what of the military optometrists who have no par- 
ticular plans and are uncertain of the future? These men constitute a 
challenge to optometry. They have been separated from practice for some 
time and may fear the future. This group lack motivation or informa- 
tion as to the true opportunities in professional optometry. These are 
the men most in need of assistance and helpful guidance at this most 
critical period in their careers. A new start must be made. Will it be 
towards professional practice and a life-long position of standing and 
affluence in their local communities, or will it be towards commercialism 
with its never-ending apologies and its hang-dog attitude and its prosti- 
tution of every sound professional ideal? CAREL C. KOCH. 


PROCEDURE AND INSTRUMENTATION 
Rudolph H. Ehrenberg 


A department wherein discussions will be carried on relative to the value 
of various experimental and clinical techniques as employed by practicing 
optometrists, and also in which the instruments used by optometrists in 
various phases of their work, will be subjected to some critical evaluation. 


THREE DIMENSION TACHISTOSCOPE 


The value of tachistoscopic training has been established. The work 
of Renshaw especially that in the Navy recognition training program 
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has shown some of the possibilities. Enough has been learned to help 
train persons to see better; to form more accurate and complete visual 
precepts more quickly and firmly. 

Renshaw states, ‘“Tachistoscopic training is indicated where you 
wish to reorganize the visual field pattern at far-point or near-point. 
With it you can greatly enlarge form fields. You can increase grouping 
skill to promote greater coherence and unity in the visual perception of 
forms. The speed and comprehension indices for silent reading will show 


significant improvement. Obviously, the building of the skill in per-— 


ceiving visual forms takes a certain minimum amount of time and 
practice. 

The accepted procedure is to expose on a screen for a brief interval 
digits or other forms at either near or far point, gradually increasing 

.the number of digits and lessening the time of exposure. 

For the purpose of digit training with the Tachistoscope there are 
one hundred slides chosen from those developed at Ohio State and used 
in Navy recognition training program. 

The unit is a 2’’x2’’ glass slide projective with a horizontal slide 
changer, and uses a 300 watt lamp on a pre-focus base. The lens has a 
4-inch focus to provide a large picture at limited distances. The shutter 
attached to the lens barrel is a number 3 Wallensak Alphax with speeds 
to 1/100 of a second. 

An arrangement on the end of the shutter will hold a polaroid con- 
trol filter. Polaroid glasses are included for viewing Vectographs. The 
entire unit including the slides is arranged in a carrying case. 

Digit training forms the core or nucleus of routine tachistoscopic 
training; other accessory training materials are used concurrently for dif- 
ferent purposes, for which another hundred slides are included. Thirty 
of these are simple forms suggested by Robinson, and 15 are digit and 
simple word slides for fixation training. There are three modified Snellen 
slides. The balance are Vectorecognition slides. It has been stated that the 
Vectograph ‘‘takes the shackles off’’ the stereoscope. This appears quite 
true considering the flexibility of viewing distances. Twenty of these 
slides are confined to digits and letters, part of the remaining slides 
to stereometric testing and training, and others to duction training. There 
are two slides for observing retinal rivalry. Renshaw has this to say on 
rivalry, “Since the rivalry function can be changed by training, the 
question arises as to whether this does not or should not have a place 
in o:thoptic procedures.’’ Just where and how presents a problem for 
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optometrists to decide. Systematic observation of this function in a num- 
ber of types of eye cases would yield interesting and important findings. 


Included is a good test for malingering. 

It appears to the writer that the optometrist engaged in visual 
training and not using tachistoscopic training specifically or supple- 
mentary to other procedures should investigate it. 

Literature is available at the Three Dimension Company, 500 N. 
Dearborn St., Chicago, or through Riggs Optical Company. 


VISUAL HOME TRAINING 


It is pretty much accepted that home training procedures are an 
effective supplement to office work in visual training. Along this line 
the Keystone View Company has recently prepared an interesting cir- 
cular entitled “‘Keystone Prescriptions.”’ 

It is natural that the pamphlet emphasizes accessories available 
through Keystone; however, there is much more to it than just being an 
advertising piece. Included is a discussion of the home training in visual 
skills. The points considered are: Is it effective? Is it practical? Who 
needs vision training? How should the units be prescribed? 

Twenty-one questions and answers are included. These include 
many of the frequently asked questions with brief but explicit answers. 

The balance of the ciruclar is devoted to a complete description of a 
photograph of the stereograms that make up the new Zeta, Eta, and 
Pointer-Method Home-T raining Services as well as information regard- 
ing the types of cases for which these units have been successfully pre- 
scribed. 

The Correct Eyescope Service is fully illustrated and described, and 
information on the Alpha, Beta, Delta, Epsilon, and Gamma Units is 
provided. 

The home training service is well organized as indicated in the 
circular, and worthy of inquiry on the part of optometrists doing visual 
training. 


VISUAL ACUITY 


Bausch & Lomb announce a checkerboard diamond shaped pattern 
to measure visual acuity in conjunction with the ortho-rater. This new 
test is suitable for patients who are unable to read. 


- 484 


t 


TRANSACTIONS OF THE ACADEMY 


TRANSACTIONS OF THE 
AMERICAN ACADEMY OF OPTOMETRY 


A department devoted to announcements, reports, appointments, organization data, news, 
professional problems and ideals, as these relate to the Academy. 


NEW MEMBERS OF THE ACADEMY 


The following optometrists and educators have been elected to Fel- 
lowship in the American Academy of Optometry during the quarter end- 
ing September 30, 1945. The Executive Council welcomes these new 
members. 

Dr. Walter I. Auber, 8 Hillcrest Road, Springfield, Vermont. 
Dr. Clarence M. Baker, 1% Center Street, Brandon, Vermont. 
Dr. James O. Baxter, Jr. 508 Front St. Beaufort, North Carolina. 
Dr. Robert T. Best, Strand Theatre Bldg., Fairmont, Minnesota. 
Dr. Henry H. Bisbee, 9 West Union St. Burlington, New Jersey. 
Mr. Charles C. Bradley, 96 Main St. Batavia, New York. 

Dr. George L. Brown, Paulsboro, New Jersey. 

Dr. John J. Brown, 102 Smith St., Perth Amboy, New Jersey. 
Dr. Milton A. Bursack, 502 Black Bldg., Fargo, North Dakota. 
Dr. Leland G. Chase, 10 Summer St. Springfield, Vermont. 

Dr. E. J. Cummins, 411 Main St., Red Wing, Minnesota. 

Dr. Austin G. Engel, Little Falls, Minnesota. 

Dr. George J. Erskine, 523% No. Broadway, Pittsburgh, Kansas. 
Dr. Alan E. Evans, 352 Elm St. Burlington, Vermont. 

Lt. Theo. H. Feinman, H (s) USNR, U.S.N.A.B. Annex 2, Little 

Creek, Virginia. 

Dr. Douglas F. Green, 187 Bank St., Burlington, Vermont. 

Lt. Henry A. Imus, H (s) USNR, Department of Ophthalmology, School 
of Aviation Medicine, U.S.N.A.S. Pensacola, Florida. 

Dr. Denny W. Jones, 415 East Broad St., Chester, Pennsylvania. 

Dr. Ralph Kullander, 1910 E. 13th St., Des Moines, Iowa. 

Dr. Milton H. Lebson, 151 Engle St., Englewood, New Jersey. 

Dr. J. J. Livingston, 511 Main St. Little Rock, Arkansas. 

Dr. Einar Markhus, 333 East Hennepin Ave., Minneapolis, Minnesota. 

Dr. Meredith W. Morgan, 302 LeConte Hall, University of California, 

Berkeley, California. 

Dr. Clifford E. Myers, 310 Rock Island Bank & Trust Bldg., Rock 

Island, Illinois. 

Dr. G. F. Preston, 6 No. Winooski Ave. Burlington, Vermont. 
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Dr. Martin R. Snook, 7 Main St., Newton, New Jersey. 

Dr. S. Benjamin Sobel, 716 Main Ave., Clifton, New Jeersy. 

Dr. Edward Steinberg, Research Institute Bldg., 292 Madison Ave., New 
York, New York. 

Dr. M. Steinfeld, 609 Broadway, Paducah, Kentucky. 

Dr. Kenneth Berkeley Stoddard, 302 LeConte Hall, University of Cali- 
fornia, Berkeley, California. 

Dr. John W. Wirth, 1212 E. Grand St., Elizabeth, New Jersey. 

Dr. Frederick L. Wyman, 304 Service Bldg., Rutland, Vermont. 


NOTES ON COMING MEETING OF THE ACADEMY 


The annual meeting of the American Academy of Optometry will 
be held at Columbus, Ohio on December 9, 10, 11 and 12. The sessions 
will include three special seminars. These are (1) a group meeting deal- 
ing with contact lenses which will be presided over by Dr. Eugene Free- 
man of Chicago, Illinois, (2) a group meeting dealing with orthoptics 
which will be presided over by Dr. Marguerite T. Eberl of Milwaukee, 
Wisconsin, and (3) a group meeting dealing with education which will 
be presided over by Dr. Clarence W. Morris of Fort Wayne, Indiana. 


According to Dr. Marguerite T. Eberl, the Monday morning sessions 
of the Academy meeting will be given over entirely to Visual Training 
with special emphasis upon the problem of myopia and the functional 
disabilities of school children. During the first period the paper presented 
will give a general view of the subject. This will cover the basis, and the 
purposes of training, and the general outline of procedures. During the 
last period, demonstrations of the various procedures and techniques 
will be presented to smaller groups. 

Members of the Academy willing to contribute papers to these spe- 
cial group sessions are asked to communicate with the section chairman. 
However since all fields are so broad the Program Committee reserves 
the right to limit acceptances to those presentations which are particularly 
applicable to the several seminars. 

In addition to these special group meetings a large portion of the 
program will be devoted as usual to the presentation of original papers. 
Among the speakers whose papers have already been accepted for this 
meeting are the following Academy members and their subjects: 

Dr. Ernest Petry, Rochester, New York, “Some Factual Data on 

the Distribution of Myopia, Hyperopia and Astigmatism in the 
Bausch and Lomb Optical Company Plant.”’ 
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Dr. Lewis H. Kraskin, Washington, District of Columbia, ‘“‘Emo- 
tions and the Eye’. 

Dr. V. J. Ellerbrock, Dartmouth Eye Institute, Hanover, New 
Hempshire, “‘Cyclofusion and Oblique Meridional Aniseikonia.” 

Dr. S. Herman Shurin, Kansas City, Missouri, ‘Field Charting.”’ 

Dr. Eugene Freeman, Chicago, Illinois, ‘‘Some Principles of Nomen- 
clature.”’ 

Dr. H. W. Hofstetter, Ohio State University, School of Optometry, 
Columbus, Ohio, ‘“‘Accommodative Convergence in Squinters.”’ 


Additional speakers will be announced during the next several weeks 
and the complete program presented in the November issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY. Members of the Academy who are planning 
to attend this annual meeting of the Academy at Columbus, Ohio should 
now make their reservations at the Deshler Wallick Hotel, Columbus, 
Ohio. 


MARYLAND CHAPTER 


The Maryland Chapter of the American Academy of Optometry 
met on September 20, 1945 at the Lord Baltimore Hotel in Baltimore, 
Maryland. The guest speaker was Dr. Jacob Harry Conn whose subject 
was ‘Psychosomatic Medicine’. Dr. Conn is a practicing psychiatrist and 
a Diplomate of the American Board of Neurology and Psychiatry. 

Dr Israel Dvorine, optometrist of Baltimore is Chairman of the 
Maryland Chapter and Dr. A. G. Billmeier, optometrist of Denton 
Maryland is Secretary. 


SOUTHERN CALIFORNIA CHAPTER 


The Southern California Chapter of the American Academy of 
Optometry held its September meeting at the Los Angeles Athletic Club 
on Friday September 1 4. 

Dr. Peter Spencer, Professor of Education at Claremont College 
was the speaker of the evening. His subject was, ‘‘Vision Training and 
the Educational Process’’. 

Dr. E. A. Hutchinson, President of the Southern California Chapter 
appointed the following members to serve as a Nominating Committee, 


Dr. Harry E. Goodman, Dr. E. C. Deacon and Dr. Glenn Winslow. 
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Dr. E. A. Hutchinson, also appointed the following members of 
the Southern California Chapter to serve as a Chapter Examining Board 
for the American Academy of Optometry in Southern California; Dr. 
Harry E. Goodman, Chairman, Dr. William M. Ketchum, Secretary, 
Dr. Harry L. Fuog, Dr. Arthur E. Hoare, Dr. Leslie W. Scown and 
Dr. Elisabeth S. Wright. 


BOOK NOTICES AND REVIEWS 


Books received are acknowledged by notices in this department. Special selections 
will be made for more extensive review in the interest of our readers as space permits. 


REFRACTION OF THE EYE. Alfred Cowan, M.D. Published by 
Lea & Febiger, Inc. Second Edition, Octavo, 278 pages, illustrated 
with 181 engravings and 3-color plates. Cloth, $4.75. 


This book evolves from Cowan's teaching of Refraction at the Uni- 
versity of Pennsylvania. Thus quite properly the early chapters are 
devoted to theoretical optics. Presented very well are those experiments 
and formula that have to do with refraction. 

From this beginning the clinical aspects emerge in quite logical 
and orderly sequence. There is a certain amount of repetition and this 
might be properly expected from one thinking as a teacher. 

The clinical concepts are ophthalmological. Despite this the 


thoughtful optometrist will be well rewarded for the time taken in read- 
ing this book. RUDOLPH EHRENBERG. 


SPECIAL REPORTS 


A STATISTICAL REVIEW OF THE OCULAR PROBLEMS 
OF YOUNG MEN* 


The physical examination of selectees to determine acceptability 
for induction into the armed forces affords a unique opportunity for 
estimating the incidence of various ophthalmic conditions in a com- 
paratively large and statistically significant group of men. This study 


*An abridgment of the material ““Ocular Defects in Sixty Thousand Selectees’’, 
Dr. A. H. Downing, Archives of Ophthalmology, reprinted form Continental Digest, 
March-April 1945. 
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consists of an analysis of the results of the examination of 60,000 men, 
a consecutive series, at an armed forces induction station. 


The men examined represented an age group of from 18 to 38 
years, together with a few enlistees age 17 and selectees between 38 and 
45 vears of age. Thus ophthalmic conditions peculiar to childhood, 
puberty, and senescence were not encountered. In addition, preliminary 
‘“screening’’ examinations, performed by physicians at the various local 
selective boards, eliminated from the group some who were obviously 
visually unfit. 


Of the 60,000 men in this series, 5,712 (9.5 per cent) were found 
to have ophthalmic defects. Data were accumulated in the course of the 
complete physical examination for induction, and not from a mere an- 
alysis of records. 


The examination of each man was made methodically and accord- 
ing to a definite plan. The visual acuity of each eye was tested separately, 
with and without glasses. 


When any selectee required more time for ophthalmologic investi- 
gation than could be taken at the original examination, he was detained 
until an adequate study of the ocular abnormality could be made. 


Refractive Errors—Selectees with uncorrected visual acuity below 
20/200 due to refractive errors totaled 2,032, or 3.4 per cent of the 
entire series (Table 1). Myopia, with and without associated astigma- 
tism, was the cause in 93 per cent of cases of defective vision due to 
refractive errors. The low figures for hypermetropic errors are probably 
due to the relatively high accommodative power present in persons of 
this age group. 


Table 1—Incidence of Refractive Errors in a Series of 60,000 Selectees 
Total No. Ratio 


Myopia, below 20/200 to 20/400.......... 1,525 1:40 
Myopia, below 20/400........ 362 1:166 
Myopia, high, unilateral.................. 48 1:1,250 
Hypermetropia, below 20/200 to 20/400.... 71 1:845 
Hypermetropia, below 20/400............. 26 1:2,305 
2,032 1:30 


Forty-eight cases of high unilateral myopia were encountered. This 
comparatively infrequent condition is not strictly refractive but is in- 
cluded in this category. In all 48 cases one eye was essentially normal 
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whereas the fellow eye was highly myopic, to the extent of 10 D. or 
more, and usually gave the appearance of unilateral exophthalmos. 
Strabismus—Of the total number of men examined, 1,245, or 2 
per cent, had manifest strabismus (Table 2). The number of cases of 
convergent types was 855, and the number of cases of divergent types 
was 389. Amblyopia ex anopsia was an associated condition in 1,066 
of the 1,245 cases. Further, amblyopia ex anopsia was encountered much 
more frequently in conjunction with convergent strabismus than with 
divergent strabismus; it was an associated condition in 90 per cent of 
the cases of esotropia, whereas it was present in only 60 per cent of the 


cases of exotropia. 


Table 2—Number of Selectees with Strabismus in Series of 60,000 
Total No. Ratio 


Esotropia, with amblyopia................. 770 1:78 
Esotropia, without amblyopia.............. 85 1:706 
Exotropia, with amblyopia................ 296 1:202 
Exotropia, without amblyopia.............. 93 1:646 

1,245 1:48 


In this series, two factors bear on the incidence of strabismus. 
First, only cases of manifest strabismus are included. Thus, cases in 
which treatment had been effective either by prescription of glasses or by 
Operative intervention and cases in which the deviation had disappeared 
spontaneously as the patient reached adulthood are not classified here. 
Second, as previously stated, complete examination to determine the 
exact degree of ocular muscle balance was not done routinely, and thus 
it is possible that a small number of cases of the alternating type of 
strabismus with normal central visual acuity in each eye, and with devia- 
tion of low degree, were over-looked. However, the presence of poor 
visual acuity with appropriate correcting lenses (amblyopia) not ac- 
counted for by the presence of organic disease always required further 
investigation, including examination of the muscle balance, and thus 
associated strabismus of low degree would then be noted when other- 
wise it might not have been observed. 

Paralysis of Exttaocular Muscles—Paresis or paralysis of the extra- 
ocular muscles was an infrequent finding; 24 cases were noted, a ratio of 


incidence of 1:2,500. 
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Optic Nystagmus—There were 80 cases of idiopathic optic nystag- 
mus in this series, a ratio of incidence of 1:750. 

Congenital Anomalies—The many and varied types of anomalies 
encountered are listed in the tables, together with the other defects of the 
structures of the eye concerned. 

External Ocular Abnormalities—Disorders of the adnexa and the 
external parts of the eye were seen in 295 cases, a ratio of incidence of 


1:203 (Table 3). 


Table 3—Number of Selectees with External Ocular Abnormalities in 
a Series of 60,000 


Total No. Ratio 


Corneal scars, acuity below 20/40........... 93 1:645 
Microphthalmos, unilateral ........... 12 1:5,000 
Keratitis, miscellaneous types............... 10 1:6,000 
Conjunctivitis, chronic, severe... .. 8 1:7,500 
Blepharitis marginalis................. 7 1:8,570 
4 1:15,000 
Epicanthus, marked ....... a 3 1:20,000 
Exophthalmos, thyrotoxic................ 3 1:20,000 
Conjunctivitis, acute, severe............... 3 1:20,000 
Loss of one eye, ophthalmia neonatorum...... 2 1:30,000 
Tarsectomy, post-trachoma................ 2 1:30,000 
Microphthalmos, bilateral............. 2 1:30,000 
13 


295 1:203 


*One case each of conjunctival hemangioma, blepharochalasis, congenital corneal 
opacity with ambryotoxon, vernal conjunctivitis, senile extropion, episcleritis, juvenile 
glaucoma, hypertelorism, lye burns of the orbit, benign melanoma of the caruncle ocu- 
lar pemphigus, blepharotoptosis with hemangioma and severe post-traumatic orbital 
scarring with exotropia. 
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Iris—In 41 cases, a ratio of 1:1,460, lesions of the iris occurred as 
the ocular defect of primary importance. The lesions of the iris usually 
present in eyes undergoing involuntary changes due to destructive injury 
or disease were not included. 


Lens—Abnormalities of the crystalline lens of the eye were en- 
countered in 257 cases (Table 4). Cases of traumatic and secondary 
cataract, such as is usually found in eyes subject to involuntary changes 
following extensive injury or disease, were not included in this total. 


Table 4—Incidence of Abnormalities of Lens in a Series of 
60,000 Selectees 


Total No. Ratio 
Cataract, traumatic. . Pe. 1:560 
Cataract, congenital 1:1,330 
Cataract, secondary ges :3,330 
Aphakia, operative, monocular. . :1,700 
Aphakia, post-traumatic ...... :4,280 
Aphakia, operative, bilateral... . . :6,660 
Traumatic dislocation of lens.............. :5,000 
Coloboma of lens and iris . :30,000 
Other conditions* . 


:233 


*One case each of cataract due to lightning, sunflower cataract in a case of chalco- 
sis. partial cataract with post-traumatic coloboma of the lens and iris, operative 
aphakia with myopic chorioretinitis, traumatic central chorioretinitis and_ bilateral 
microphthalmos. 


Vitreous—Abnormal conditions of the vitreous body were noted 
in 17 cases, a ratio of 1:3,550. 

Optic Nerve—The optic nerve showed abnormalities in 53 cases, 
ratio of 1:1,132. In 45 of these cases there were optic nerve atrophy of 
some form. In 25 cases a definite history of blindness in one eye fol- 
lowing trauma, usually basal fracture of the skull, was obtained, and 
for this reason the blindness in these cases is called post-traumatic; in 
15 cases no definite etiologic factor could be determined. Three cases 
of hereditary optic atrophy were encountered. 

Retina and Choroid—Abnormalities of the retina and choroid 
formed a large and varied series, difficult to classify satisfactorily. The 
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374 cases have been grouped into five categories: anomalies, 160 cases; 
generalized diseases of the retina and choroid, 60 cases; abnormalities of 
the central region, 97 cases; retinal detachment and closely allied con- 
ditions, 38 cases, and typical myopic chorioretinitis, 19 cases (Table 5). 

Monocular Loss of Viston—A total of 2,932 cases of monocular 
loss of vision due to amblyopia (defined previously as corrected vision 
below 20/40), trauma or disease were seen in this series (4.9 per cent). 4 € 
In 836 of this number the loss was the direct result of trauma, whereas is 
in 2,096 cases it was of non-traumatic origin (Tables 6 and 7). 


Table 5—Incidence of Abnormalities of the Retina and Choroid in a 


Series of 60,000 Selectees 
Anomalies Total No. Ratio be 
*  Medullated nerve fibers................. 140 1:428 
Coloboma of choroid............... = 12 1:5,000 
Colloid bodies..............- re 2 1:30,000 
Melanoma of fundus, benign......... 2 1:30,000 Pe 
Tuberous sclerosis............ 2 1:30,000 
Other conditions*........_.. 2 
160 1:375 
Generalized disease 
Choroiditis, cause undetermined........... 20 1:3,000 
Retinitis pigmentosa......... 14 1:4,280 
Chorioretinitis disseminata.............. 7 1:8,570 
Choroidal sclerosis........- 4 1:15,000 
Healed choroidal rupture.......... 4 1:15,000 ey 
Coats’s 2 1:30,000 
Other conditionst 5 


60 1:10,000 


Central 
Central chorioretinitis, post-traumatic, healed. 50 1:1,200 
Central chorioretinitis, healed............ 24 1:2,500 
Batten-Mayou disease.................. 11 1:5,460 
Solar retinopathy................. 11 1:5,460 
Other ] 
97 1:620 


493 


cy 


SPECIAL REPORT 


Retinal detachment 


Successful operative repair............... 6 1:10,000 


38 1:1,580 


Myopia 
Unilateral with myopic chorioretinitis...... 9 1:6,660 
Chorioretinitis, with high myopia......... 8 1:7,500 


19 1:3,150 


374 1:160 

*One case each of choroideremia and von Hippel-Lindau disease. 

TOne case each of chorioretinal atrophy with glaucoma circinate retinopathy, 
Eales's disease, chorioretinitis due to metallic copper, and ‘‘salt and pepper’’ fundus. 

tOne case of presenile bilateral macular degeneration. 

$One case of congenital nonattachment of the retina with microphthalmos and 
unsuccessful operative repair of retinal detachment. 

°One case each of bilateral myopic chorioretinitis and aphakia and unilateral 
myopic chorioretinitis with unilateral myopia of only 3 D. 


Table 6—Incidence of Nontraumatic Monocular Loss of Vision in a 
Series of 60,000 Selectees 
Total No. Ratio 


Amblyopia without strabismus............. 855 1:70 
Amblyopia with esotropia... 770 1:78 
Amblyopia with exotropia................ 295 1:203 
Myopia, unilateral, high.......... 48 1:1,250 
Central chorioretinitis.............. cee 24 1:2,500 
Optic nerve atrophy, nontraumatic.......... 20 1:3,000 
Cataract, secondary.............. 18 1:3,330 
Glaucoma, primary and secondary........... 9 1 :6,660 
Retinal detachment, “‘idiopathic’’............ 6 1:10,000 
Loss of one eye from ophthalmia neonatorum. . 2 1:30,000 


2,096 1:29 


*One case each of active Eales’s disease, van Hippel-Lindan disease and recurrent 
hemorrhages in the vitreous. 
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Table 7—Incidence of Post-Traumatic Monocular Loss of Vision 
in a Series of 60,000 Selectees 


Total No. Ratio 


Traumatic loss of one eye.................. 469 1:128 
Corneal scar, visual acuity below 20/40....... 71 1:845 
Post-traumatic central chorioretinitis......... 50 1:1,200 
Aphakia, operative and post-traumatic........ 49 1:1,224 
Optic nerve atrophy, post-traumatic... ....... 25 1:2,400 
Retinal detachment, post-traumatic.......... 19 1:3,160 
Post-traumatic dislocation of lens........... 12 1:5,000 
11 1:5,450 
Retinitis proliferans, traumatic... ........... 6 1:10,000 
Healed choroidal rupture.................. 4 1:15,000 
Post-traumatic retinopathy................ 4 1:15,000 
Post-traumatic hemorrhage in vitreous... . . . 4 1:15,000 
Osher comdstions®... 3 

836 1:72 


*One case each of chorioretinitis due to metallic copper, loss of one eye following 
operative correction of strabismus and amblyopia ex anopsia with exotropia following 
extensive orbital scarring in infancy. 


The 469 instances of ‘post-traumatic loss of one eye’’ represented 
a multiplicity of pathologic lesions. This term was used to include 
phthisis bulbi, any other involuntary process, extensive corneal leukoma 
and post-traumatic removal of one eye. 

Post-Traumatic Conditions Without Visual Loss—Sequelae of 
trauma were noted in 38 cases in which the corrected visual acuity re- 
mained 20/40 or better. 


COMMENT 


Analysis of the results of the examinations in these cases reveals 
one finding of great practical importance from both the future military 
and the economic standpoint and affords evidence of the need for more 
effective preventive ophthalmologic practices. A total of 2,932 cases of 
monocular blindness or partial loss of visual acuity were found; this 
represents 4.9 per cent of the men in the entire series, or 1 out of each 
20 examined. Further, this one condition, loss of vision of one eye, was 
by far the most common of any found in this series of 60,000 cases, 
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since of the 5,712 cases of ocular abnormalities of all varieties, the 2,932 
instances of monocular visual loss comprised more than half, or 51 per 
cent, 

Extension of these figures to the number of men of military age of 
this nation indicates that of each million men, 49,000 are handicapped 
by poor vision in one eye. These men are less effective not only as mem- 
bers of the armed forces in time of war, but as members of society in 
time of peace. This situation is the more unfortunate since of these 2,932 
cases of monocular visual loss, 94 per cent may be considered as repre- 
senting preventible types. Cases of post-traumatic monocular blindness, 
836 in number, comprised 28 per cent. In all these cases the blindness 
may be considered as preventible; in many cases it was caused by an 
industrial or occupational accident, and in others, by injury received in 
childhood from firecrackers, dynamite caps or other dangerous objects. 
Amblyopia was the type of poor vision found in 1,920 cases—in 855 
cases without strabismus, in 770 cases with convergent strabismus and 
in 295 cases with divergent strabismus. Experience has shown that the 
diagnosis of amblyopia can be made in early childhood and, in nearly 
all cases, can be remedied by proper measures, such as occlusion, refrac- 
tion, orthoptic training and operative intervention. These 1,920 cases, 
together with 2 instances of ophthalmia neonatorum, form 66 per cent 
of all the cases of monocular visual loss. Thus, theoretically, only the 
remaining 6 per cent, or 174 cases, may be considered as instances of 
nonpreventible blindness. 

Suitable preventive ophthalmologic measures should be taken in 
order to lower the percentage of men of military age hindicapped by 
poor vision in one eye. The important factors to be considered in any 
such program are two: First, measures should be taken in order to reduce 
the incidence of post-traumatic monocular blindness. The existing edu- 
cational and preventive program directed toward the prevention of in- 
dustrial and occupational accidents should be expanded and broadened, 
and further efforts should be made to eliminate such ocular injuries as 
occur in childhood. Second, since amblyopia is responsible for 66 per 
cent of all monocular poor vision, particular efforts should be extended 
in order to reduce the incidence of this condition. Amblyopia can be 
remedied only in early childhood; therefore the diagnosis must be estab- 
lished at an early age. This could best be accomplished by routine exam- 
ination of each preschool child, followed by the indicated treatment. 
Great difficulties are inherent in any such program. However, the elimin- 
ation of preventible monocular visual loss should be a goal of all or- 


ganizations and persons interested in the conservation of vision. 
‘ 
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ABSTRACTS 


A department in which will appear abstracts of the literature of optometry, oph 
thalmology and applied optics. These will be classified according to the following list 
although contributions to all sections will not necessarily appear in each issue. 


. Ocular Refraction. 7. Ophthalmic Lenses and Materia!. 

. Physiological Optics and Color Vision. 8. Instruments. , 

. Ocular Muscles. 9. Hygiene and [llumination. 
Orthoptics and Reading. 10. Applied and Physical Optics. 

Anatomy, Histology and Embryology. 11. Education, Sociology and Economice 

Ocular and General Pathology. 12. Miscellaneous. 


12. MISCELLANEOUS 


SOCIAL HEALTH CARE IN GENERAL AND IN PARTICULAR. 
Ernest A. Hutchinson, Optical World. 1945, 33, 2, 30-32. 


Hutchinson believes that a program of rather widespread public 
health care is sure to come, and he answers the question as to optometry’s 
place in such program as follows: “‘Obviously any large scale health 
activities will impose the necessity of administering them from centers 
where diagnosticians and many types of specialists will cooperate. 
Probably also many persons particularly in the smaller communities 
will be referred to cooperating practitioners for diagnosis and treatment 
in their offices. The probabilities are that refraction will be provided 
for by the regular contributions and that glasses and frames of certain 
standard types also may be included for those whose prescriptions are 
above a certain minimum power established by those whose function 
it is to make the rules. The American public is not likely to take too 
kindly to standardized materials in anything so conspicuous as spectacle 
ware, hence doubtless there will be a continuing and probably increasing 
demand for attractive eye ware for which the public will be willing, 
even anxious, to pay a premium. As we view it it is important that 
optometrists are included in the panels of those certified to do the 
examining which will provide an occupation and excellent training for 
younger men and women recently graduated and on a ‘salary’ or ‘capi- 
tance’ or ‘fee for service’ basis which shall stimulate them to do their 
best work, give them a place of honor and respect in the community 
while affording them the opportunity for self improvement through 
periodical leave for graduate study. Socialized financing of health care 
.means ‘more’ health care. It is the duty and high privilege of the pro- 
fessions to see to it that it is ‘better’ care, not merely better but the 
‘best’ that science and skill can achieve.” T.O.B. 
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SPECIAL NOTICE 


SPECIAL NOTICE 


PUBLISHERS NOTICE:—Some AMERICAN JOURNAL OF OPTO- 
METRY AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY sub- 
scribers in the armed services may not know that when they are dis- 
charged from the service that they are entitled to as many remaining 
copies of this publication as were paid for under the military rate, in spite 
of the higher subcription price for optometrists in private practice. 

When you are discharged or transferred to another theatre please 
advise us promptly. Give us the address where you last received the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY and your new address, either military or 
civil. Only by so doing can you hope to receive the full number of copies 
to which you are entitled. Subcriptions are still accepted from optomet- 
rists in the armed services at the special military rate of $2 per year. 


STATEMENT OF OWNERSHIP 


Management and circulation as required by the Act of Congress of August 24, 1912, of 


the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY, published at Minneapolis, Minnesota for October 1945. 
State of Minnesota, County of Ramsey—ss. 


Before me a Notary Public in and for the State and County aforesaid, personally 
appeared Dr. Carel C. Koch, who having been duly sworn according to law, deposes and ° 
says that he is Editor and Publisher of the AMERICAN JOURNAL OF OPTOMETRY 
AND ARCHIEVES OF AMERICAN ACADEMY OF OPTOMETRY and that the following 
is to the best of his knowledge and belief, a true stateinent of the ownership and manage- 
ment of the aforesaid publication for the date shown in the above caption required by 
the Act of August 24, 1912 embodied in Section 411, Postal Laws and Regulations, to-wit: 


First, that the names and addresses of the Publisher and officers are as follows: 
Publisher and Editor, Dr. Carel C. Koch, 1502 Foshay Tower, Minneapolis, Minn; Asso- 
ciate Editors, Dr. R. H. Ehrenberg, Granite Fails, Minn., and Dr. Clarence W. Morris, 
Utility Bldg., Fort Wayne, Indiana. Harry Brookins, Production Manager, 1502 Foshay 
Tower, Minneapolis, Minn. 

Second, that the owner is the American Journal of Optometry Publishing Associa- 
tion, Dr. Carel C. Koch, President and Treasurer, Dr. Rudolph Ehrenberg, Vice-President, 
A. Virginia Flatten, Assistant to the President L. L. Koch, Secretary. 

Third, that there were no bondholders, mortagees, or other security holders owning 
or holding one or more per cent of the total amount of bonds, mortgages or other securities 
of this publication. 


DR. CAREL C. KOCH, Editor & Publisher 
Sworn and subscribed before me this Ist day of October, 1945, 


ALEX DIM, Notary Public 
Ramsey County, Minnesota 


My commission expires July 22, 1948. 
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ICE BLUE. for Brownettes 
GREEN. ....for Blondes 
LONDON GRAY 

for Gray Hair 
ROSETTE. .for Redheads 
RED. .....for Brunettes 
FLESH... ..for any type 


MODERNIZE FOR MODERN EYES 


Something to cheer about— Wingers face flattering curves and 
sparkling colors; Wingers air of quiet smartness and perfect grooming. 


Low "Ful-vue" Wingers are sound in design, furnishing ample lens 
area and a snug comfortable fit; the perfect frame for all Rx work. 


OBTAINABLE THROUGH OPTICAL SUPPLY HOUSES 


Styled by KONO MANUFACTURING CO., Woodside, N. | 
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ADVERTISEMENTS 


TIME’S PASSING MAKES 
THERMINON MORE 
VALUABLE! 


Day by day for thousands of wearers, THERMINON 
LENSES’ superiority over other optical lenses is proved 
in cooler comfort . . . in more efficient vision. 


Scientifically formulated to filter out the / 
glare and heat (infra red) rays of light, / 
THERMINON LENSES give wearer f 
satisfaction and comfort, year in 

and year out. The cool green 

color means eye comfort and 
more efficient vision. 


“THERMINON 


CORPORATION 


411 ELEVENTH ST. 
ODES MOINES, IA. 


Prescribe THERMINON LENSES for 
your patients and give them the 
benefit of better fit with these 
proved ophthalmic lenses. 


No blur...no jump...no blackout spots 


* Bifocals . . . you wear more comfortably 
... that help you see more efficiently 


Keen definition 


Optically true surfaces 


Clear vision to edges 


A minimum of jump 


Free from color 


Protected inside segment 


Light in weight 


Larger projected reading field 


JEFFERY 
OPTICAL CO. 


Physicians & Surgeyns Bldg. 
MINNEAPOLIS, MINN. 
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Improved BAYBAR BRIDGE 


In Bay State's Exquisite Ful-Vue 


A, extremely important change has been made in 
the construction of the Baybar bridge—only slightly 
altering the appearance but greatly facilitating the 
mounting of lenses. The Numont arms are now 
attached to the bridge so that they will exactly con- 
form to standard lens shapes without initial pliering. 
Attachment is so strong, however, that should unusual 
adjustments be necessary, pliers may be used easily 
at the point where bridge and arms unite, without 
injury to the mounting. Every careful fitter will appre- 
ciate what this means in convenience and accuracy. 

Baybar’s graceful lines have not been materially 
changed. The bridge remains in the same relative 
position to brow and temple line, maintaining its 
original distinctiveness but with an added style accent. 


_ BAY STATE OPTICAL COMPANY 
Fraidindl Since 1862 


Attleboro, Massachusetts 


29 E. Madison St., Chicago 
Canada: Imperial Optical Co.; National Optical Co. 
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Check these advantages 
of the Improved Baybar 
Numont Ful-Vue 


Improved bridge construction 
— for better appearance and 
greater ease of lens mounting. 


Bay State Numont Arm— 
smoothly blended with the 
temple so that the joint does 
not protrude... providing an 
inconspicuous, formed -to-the- 
features appearance. 


Tri-Spring Straps — wonderfully 
effective in fighting off bumps 
and blows. Their tenacious grip 
on lenses minimizes loose screws 
and repeated adjustments. 


Goose Neck Pad Arm—offering 
a conveniently wide range of 
adjustability for comfortable 
fitting. 


Finish — worthy of Bay State’s 
reputation for superlative detail 
and lustrous finish in spectacle 
wear. 
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ADVERTISEMENTS 


KEYSTONE 
PRESCRIPTIONS 


For Orthoptic Home Training 
to Supplement Office Care 


for this Valuable Gulletin 
Ili Informative Iti New 


There is no fundamental difference between 
properly supervised home training and training 
in the office. 

Our home training manuals detail specific rou- 
tines, which the doctor should discuss with the 
patient, and then carefully check with him on 
his subsequent visits to the office. 


KEYSTONE VIEW COMPANY 


Meadville. Penna. 
PIONEERS IN VISION TRAINING 
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KEYSTONE VIEW CO., Meadville, Penna. 


Please send me your new bulletin 


“KEYSTONE PRESCRIPTIONS" 


Name..... 


ALL IN ONE 


Cushion- Lock 
Numout 


FUL-VUE STYLE 


Refreshing Design 
Cushioning Against Breakage 
The Ideal Rimless 


Cushion-Lock Numont is just one of 
the quality products we carry that 
have earned for us the name of "The 
House of Fine Ophthalmic Supplies.” 


MINNESOTA OPTICAL 
COMPANY 


2928 Lyndale Ave. Minneapolis 
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The FIRST | on set of PSEUDO-ISOCHROMATIC 
developed by an AMERICAN 


ADVERTISEMENTS 


A NEW DIAGNOSTIC METHOD 
OF TESTING THE COLOR SENSE | 


The DVORINE COLOR PERCEPTION 
TESTING and TRAINING CHARTS include 


the following desirable features: 


1. Charts include all major colors of the 
visible spectrum. 


(This test discloses difficulties in discrimina- 
tion of all possible color combinations, in- 
cluding red and green.) 


2. The test is accurate and dependable. 


(Accuracy of colors was controlled durin 
the printing by constant check with group of 
patients. ) 


3. Each chart is limited to TWO contrasting 
colors only. 


(Prevents erroneous diagnosis resulting from 
confusion of multitude of hues.) 


4. Provides for testing patient's color no- 
menclature. 


(Important procedure in any color test, yet 
absent in the foreign sets.) 


5. Charts are included which are visible 
to individuals with weak color sense. 


(Confuses the malinger.) 


6. Test can be completed in 5 minutes or 
less. 


(Results can be recorded in specific color 
difficulties, such as: red-green, red-brown, 
blue-violet, etc.) 


CHARTS 


Partial List of Purchasers of These Charts 


University of Missouri 

Indiana University 

University of Arizona 
etc. 


UNIVERSITIES 


Johns Hopkins University 
University of Kansas . 
Ww ashington University 
te of Nebraska 
School of Medicine 
of California 
niversity of Chicago 
‘niversity of Texas 
‘niversity of Minnesota 


Board of Education, ( 


WHAT OTHERS SAY: 


“This unique accomplishment eliminates much 
of the confusion and inconsistency of color vision 
testing, and places color sense training on a scien- 
tific basis.” 


—Drs. Ryer and Hotaling, New York, N. Y. 


“The new set of color perception testing and 
training charts belongs in every orthoptic treat- 
ment room in America today.” 

—Dr,. Carel C. Koch, Minneapolis, Minn. 


COLLEGES AND SCHOOLS 


Kansas State Teachers College St. Dept. of Education, Charleston, W. Va. 
Occidental College, California State 


Oregon City Public Schools 

Brooklyn College 

State Teachers College, Albany, N. Y. 
Austin Peay State College, Tenn. 
State Teachers College, California, Pa. 
Huntington College, Alabama 
Carleton College, Minn. 


; eachers College, Slippery Rock, Pa. 
‘olumbiana, Co. Ohio etc. 


_MAIL THIS COUPON 


| ISRAEL DVORINE, OLD. 


| 2328 Eutaw Place, 
| Baltimore 17, Md. 
| Send me the two volumes of 
| “DVORINE COLOR PERCEPTION TESTING 
| AND TRAINING CHARTS” 25.00 
| (including booklet of instructions) 
ly 
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ADVERTISEMENTS 
Complete Optical Serwice 
PRESCRIPTION ANALYSIS FOR ADDED PATIENT 
SATISFACTION—PRESCRIBE: 
LENS GRINDING 
e ORKON LENSES 
LENS TEMPERING (Corrected Curve) 
COSMET EDGES 
CONTACT LENSES (Distinctive Style and Beauty) 
EYE PHOTOGRAPHY. 
N. P. BENSON OPTICAL COMPANY, INC. 
ESTABLISHED 1913 
MAIN OFFICE: MINNEAPOLIS, MINN. 

Aberdeen Duluth Eau Claire Bismarck 

Rapid City Albert Lea La Crosse Wausau 
Huron Winona Stevens Point Beloit 


THE DIOPTRIC REVIEW 
and 
THE BRITISH JOURNAL OF PHYSIOLOGIC 
OPTICS 


New Series. A tri-annual review of optometry, containing 
original papers and critical reviews dealing with refraction, 
orthoptics, ophthalmic apparatus, the history of optics, and 
allied subjects. Also case reports, book reviews, correspondence 


and abstracts. 


Now in its forty-eighth year of publication. 


Annual! Subscription, $5.00 


Published by 
THE BRITISH OPTICAL ASSOCIATION 
65 Brook Street 
London, W. 1. 
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